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IlSn^STIGATIONS OF THE FUNCTIONS OF THE SMALL 
INTESTINE IN SIAN BY INTESTINAL INTUBATION. 


PaET 1. — Tttf, TECHKIQtTE OF rSTESTIS’AL IKTTJBATION UT MAH'. 


By W. H. OWLES. 
{Guy's Hospital, London).* j 


lx the past lack of any satisfactory method of approach has greatly hindered 
the collection of data upon the processes of digestion and absorption in the 
small intestine of man, and has for the most part limited the -n-ork on these 
subjects to animal experimentation. The recent development by SliLler 
and Abbott _of a method of intestinal intubation in man, by means of -which 
an isolated .segment of small intestine is rendered available for study, is 
therefore of great potential value, and it was considered desirable that an 
attempt should be made to assess its scope and reliability. The method only 
•vrill be considered here, results obtained being presented in separate papers 
later, except in so far as it is necessary to mention such findings when dis- 
cussing the method. 

The method of intubating the small intestine used throughout the 
present work is essentially that developed and described by Miller and 
Abbott. They used first a tube -with two lumina (4 and 5). Later they 
obtained a suitably flexible tube -with three lumina (1), this permitting the 
development of the method for complete isolation of a segment of intestine. 
The final technique used in the present work, though similar to the above, 
differed in certain important respects, especially in that it was found possible 
to inflate both balloons -vda the same lumen of the tube, thus lea-ving an 
additional lumen which could be used for other purposes, such as the 
prevention of any accumulation of fluid in the intestine above the isolated 
segment, or for the instillation at that level of test substances. In view of 
the possible importance of such differences in comparing experimental 


‘Working as a Rockefeller Travelling Fellow at the Thorndike Memorial Laboratory, Second 
and Fourth Medical Ser\-ices (Hari'ard), Boston City Hospital, and the Department of Medicine, 
Harvard Medical School. 

t The author wishes to acknowledge his great indebtedness to Dr. George Minot for the 
facilities of his laboratory, and to Dr. T. Grier Miller and Dr. William Osier Abbott for their 
practical assistance at the commencement of this investigation. 
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results it is considered advisable to include here a further account of the 
actual technique used. 


Appamhi^. 

The rubber tube, obtained from the U.S. Rubber Products Company 
of New York City, was circular in section, and had an outer diameter of 
6 mm, and a length of from 2 to 3 metres. The outer wall was approximately 
1 mm. in thickness, and the interior of the tube was divided by three radial 
septa of about the same thickness. The apparatus as used is shown in Fig. 1. 






Fig. 1. Diagram showing arrangement of intestinal tube used. 

A. — Lumen connected with isolated segment. 

B. — Lumen connected with balloons. 

C. — Lumen connected witli intestine above segment. 


Balloons were so attached, one terminally, one more proximaUy, that on 
their inflation a segment of small intestine approximately 10 cm. in length 
was isolated between them. Both were inflated through the same lumen 
of the tube. Of the two remaining lumina, one was made to open by two 
or three orifices just above the proximal balloon, the other by numerous 
orifices into the segment isolated between the balloons. At, and distal to, 
the upper point of attachment of the proximal balloon only two of the lumina 
of the tube were needed, and for the attachment of the distal balloon only 
one lumen. By cutting away the unused sections the flexibihty of the 
terminal portion of the tube could be much increased, thus greatly facihtating 
the passage of the tube. 

Fig. 2 shows diagramaticaUy the apparatus used in maintaining the 
air pressure in the balloons, and in aspirating samples of juice. The balloons 
were inflated to constant pressure (35 to 40 cm. of water) with air, by means 
of the difference in the water levels in the reservoirs A, A'. Continuous 
aspiration was apphed both above and between the balloons by means of a 
Avater syphon system, B, B', exerting a negative pressure of about 120 cm. 
of water. Aspirated fluids were collected in small graduated tubes C, C', 
and with continuous aspiration, under constant conditions, a moderately 
steady flow of juice AA’^as obtained. A mercury manometer D, and a trap E 
(to prevent chance cross-contamination between the tubes C, C') Avere 
included. Fig. 3 is a photograph of an X-ray film, exposed AAuth the tube 
in position in the upper jejunum, and Avith the balloons inflated so as to 
isolate the 10 cm. segment of intestine. 
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Intvbafion. 

Co-operation bji" the subject was necessarj'-, and training improved 
performance. ISio difficulty was experienced in the actual swallowing of 
the tube, though on account of its greater stiffness, and of the presence of 
the deflated balloons, it was slightly more unpleasant to swallow than a 
duodenal tube. Once in the stomach no further discomfort was usuallj’’ 
felt, and the subjects occasionally went to sleep during the course of the 
investigations. Straining, retching or coughing might partial^ empty the 
balloons, and allow leakage into or out of the segment. 



Fig. 2. Diagram showing the apparatus used for the inflation of the balloons, and for the 
aspiration of intestinal juice from above the isolated segment of intestine, and from the 
segment itself. A, A', and B, B'; — air -water reseiwoirs for the maintenance of constant air 
pressure in the balloons, and of negative pressure in and above the intestinal segment. 
C, C'; — graduated • collecting tubes. D ; — ^mercurj’ manometer. E ; — fluid trap. F ; — 
the intestinal tube. 


The method of passing the tube into the small intestine with the aid of 
fluoroscopy was similar to that originally described by jMfller and Abbott 
for the tube with two lumina, although the tube with three lumina is definitely 
less flexible than the former. It was often of advantage to inflate the balloons 
^vith about 20 c.c. of air after the tube had been swallowed into the stomach, 
to facilitate the passage of the terminal balloon to and through the pylorus. 
After this had been accomplished the balloons were deflated again xmtil the 
second balloon had passed the pylorus. 20 c.c. of air were then reintroduced 




4 


W. H. OWLES. 


until the desired depth had been attained, when full inflation was obtained 
by connecting the balloons to the pressure system. The final position of 
the tube was checked by fluoroscopy. 

The time required for reaching the small intestiae varied widely. In 
some cases, especially in trained subjects, the tube would enter the duodenum 
udthin 5 minutes ; in others 30 minutes might be required. Occasionally, 
even in subjects ordinarily presenting no difficulty, the tube could not be 
induced to enter the duodenum, presumably on account of pylorospasm. 
Once in the duodenum the tube could be passed on rapidly for another 
100 cm., after which its progress slowed doum considerably. Usually the 
tube was down to 150 cm. from the teeth udthin an hour after it was swallowed. 
Apparentlj^ with sufficient time it could always have been passed to 200 cm. 
below the teeth, or beyond. This, however, was not attempted in most 
cases. The greatest depth attained in a normal individual was 220 cm. 
below the teeth, in about 1-| hours. According to Einhorn (2) the pylorus 
may be taken as 55 cm., the ileocolic sphincter as approximately 325 cm., 
below the teeth. With 100 cm. of the tube swallowed beyond the teeth 
the isolated segment was usually found to lie in the first jejunal loop below 
the duodenojejunal flexure. 

In the first and second parts of the duodenum the motor activity of the 
intestine was such as to render the method unreliable for most purposes. 
The intestine at that level also was more sensitive to pressm’e, and colic 
readily developed. Below the duodenojejunal flexure the method in general 
was far more satisfactory, and no trouble arose out of creeping of the tube 
after fuU inflation of the balloons, or out of excessive leakage into or from 
the isolated segment. A useful precaution was to arrange that, as verified 
by fluoroscopy, the segment isolated lay in an ascending loop of intestine, 
so that there was less chance of fluid suddenly collecting just above the 
proximal balloon. By means of the lumen leading to openings above the 
balloons it w’as possible to keep the intestine above the isolated segment 
empty, and to avoid any collection there of fluid which might lead to nausea 
and vomiting, or to leakage. 

In general the balloons could be kept inflated, and observations main- 
tained, for 5 to 7 hours. If, however, much manipulation, or frequent 
injection of solutions into the isolated segment was necessary the observations 
could not be continued for as long. Again in one rather highly-strung 
youth severe nausea, retching or colic almost invariably occmred after 
li- to 2 hours, even with a low air pressure in the balloons (32 cm. of water). 
Similarly, in an older man with achlorhydria who had had acute alcoholic 
gastritis in the past with subsequent recurrent attacks of enteritis, nausea 
very readily occurred, and during one intubation he developed water}' 
diarrhoea. This indicates a definite limitation of tlie method in the form 
used, if applied to the investigation of pathological conditions. Irritation 
of the small intestine, mechanically or chemically, led to a considerable 
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output of mucus, which might vitiate observations by blocking the tube or 
by adsorbing substances inserted with consequent difficulty in recovery. 

Control of leakage. 

When continuous aspiration is applied to the isolated segment the risk 
of loss due to leakage past the balloons and out of the segment may be taken 
as negligible. On the other hand there is the distinct possibility of leakage 
into the segment from above. In spite of all care, leakage sometimes occurred 
if large volumes of fluid descended from higher levels. The appearance of 
bile pigments in the fluid aspirated from the segment indicates leakage into 
the segment from above. In observations involving the oral administration 
of a readily detectable substance, such as glucose, or its insertion directly 
into the intestine above the isolated segment, its absence in the material 
aspirated from the segment may be taken to prove lack of contamination. 
At other times a similar control may be obtained by inserting above the 
segment a 0-25% solution of vital red in physiological saline. Even if at 
once reaspirated, enough vital red solution is left to keep the contents of the 
intestine above the proximal balloon coloured for a considerable time, and 
thus leakage into the isolated segment can be detected by the appearance of 
dye in the segment juice. A further and even more sensitive test for leakage 
into the isolated segment is provided by determinations (by a modified 
Wohlgemuth technique) of diastase. The mixed juice from above the isolated 
segment always gives high values for diastase, uncontaminated juice from the 
segment gives relatively low values, usually 1/500 to 1/2000 of the former. 
Assuming the diastatic activity of the juice secreted by the isolated segment 
to be zero, a maximal value for any contamination can be calculated. Thus 
in one typical experiment the mixed juice from above the segment had a 
diastatic activity of 400 units per 1 c.c., the segment juice an activity of less 
than 0-7 unit per 1 c.c., and a volume of about 10 c.c. in 15 minutes. Therefore 
the maximal leakage into the segment must have been 0-018 c.c. in 15 minutes. 
It was often possible to insert solutions above the isolated segment for 
periods of 15 minutes or more without any leakage occurring. 

Although leakage into the isolated segment from above is thus capable 
of accurate control, leakage out of the segment following insertion of solutions 
into it has been difficult to disprove. As mentioned above, it is of advantage 
to have the final position of the isolated segment in an ascending intestinal 
loop. Any leakage is then more likely to occm past the proximal balloon, 
with the possibility of detecting substances initially inserted into the isolated 
segment in the fluid aspirated from above the segment. Excluding experi- 
ments in which cohc developed and the increased motor activity of the 
intestine rendered leakage more likely, the consistency of the results obtained 
for the absorption of glucose aud other substances from the isolated intestinal 
segment gives evidence of the general reliability of the method. Similar 
evidence is afforded by the recoveries after short periods of time of substances 
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less readily absorbed. Thus the recoveries of solutions of vital red, magnesium 
sulphate, and ferric ammonium citrate introduced into the segment are shown 
in the table. The colorimetric estimation of vital red was not satisfactory. 
Recoveries of over 100% were obtained probably on account of errors 
introduced by opalescence of the return fluids, and this precluded the use 
of vital red as an accurate quantitative control of leakage. The results of 
rough nephelometric estimations for magnesium sulphate and estimations 
of iron by the method of Klumpp (3) at least indicate the general reliability 
of the isolation of the intestinal segment. 

TABLE. 


The recoveries of various substances introduced into an isolated 10 cm. segment of small intestine. 


1 

Subject. 

1 

1 

Segment depth i 
in cm. 

Substance inserted. 

Time of 
■withdrawal. 

Recovered. 

L.M. 

140 

10 c.c. vital red solution 

15 min. 

114% 

L.M. 

125 

20 c.c. \’ital red solution 

[ 35 min. 

113% 

L.M. 

130 

20 c.c. vital red solution 

30 min. 

104% 

H.E.O. 

120 

10 c.c. 20% MgSO. solution 

5 min. 

112% to 96% 

L.M. 

135 i 

1 

20 c.c. 10% MgSO. solution 

7 min. ! 

92% 

L.INI. 

135 

20 c.c. 10% MgSO. solution 

7 min. 

117% 

I.S.E. 

140 

40 c.c. ferric-nminonium- 
citrate solution 
( = 236 mgm. iron) 

35 min. 

j 

1 

230 mgm. iron 

I.S.E. 

! 

155 

40 c.c. ferric-aminonium- 
citrate solution 
( = 44-3 mgm. iron) 

35 min. 

1 

1 

1 

39-6 mgm. iron 

L.M. 

1 

loO 

j 

40 c.c. ferric -ammonium - 
citrate solution 
( = 44-3 mgm. iron) 

35 min. 

i 

40-2 mgm. iron 


Washing out the isolated segment, and recovery of inserted substances. 

Whereas it is possible with only a few washings mth saline to recover 
substances such as glucose inserted into the isolated segment, this is not the 
case with those which are markedly adsorbed by, or induce much secretion of, 
mucus. Enzymes and many other substances are adsorbed by the intestinal 
mucus. In order to eliminate initially such adsorbed substances practical 
advantage may be taken of the fact that vital red also is strongty adsorbed. 
A satisfactory procedure, followed in most cases, was found to be the initial 
insertion into the segment of from 10 to 20 c.c. of an approximately 0-5% 
solution of vital red in saline. The segment was then washed out repeatedly 
until aU colour was absent from the return fluid. It was shown that the 
concentrations of dye and diastase, for example, fell off in an exactly parallel 
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manner. Usually as much as 500 c.c. of salt solution must be used, and the 
time required is a serious drau-back. The difficulty is accentuated by the 
existence of a 5 to 7 c.c. dead space in the tube. 

Enzyme ieierminaiions. 

Particular difficulties were encountered in the studies on the secretion 
of enzymes to be described in subsequent papers. It was found that the 
enzyme output could readily be increased by mechanical stimulation, and 
in association with colic and nausea and probable increased motor activity 
of the intestine. Thus it was necessary to discard any observations during 
which colic occurred, and to avoid changes in balloon pressure, or mechanical 
irritation due to repeated running of solutions in and out of the isolated 
segment or the proximal bowel above the segment. It also became clear 
that blowing air m and out of the tube in an attempt to obtain juice contained 
in the dead space of the tube should be avoided, as it definitely stimulated 
the secretion of enzymes. 

SUMMABY AIH) COKCLTJSIOKS. 

1. A modification of the method of intestinal intubation originally 
developed by Miller and Abbott has been described which permits complete 
isolation of a segment of small intestine in man. 

2. With trained subjects, and with the precautions outlined the method 
has proved practicable for investigational purposes. 

3. In studying secretion into an empty segment of intestine it is 
capable of giving accurate results. 

4. In following changes in solutions inserted into an intestinal segment 
it has proved less strictly controllable, but is probably satisfactory. 

5. In investigating pathological conditions its utility is limi ted when 
there is increased sensitiveness or motility of the intestine. 

6. As a general clinical method its utility appears to be limited, on 
account of its complexity, and of its dependence on the intelligent co- 
operation of the subject. 


REFEKEXCES. 
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. 3. X-ray film, showing the intestinal tube in place in the upper jejunum, the isolated 
segment of intestine being 105 cm. below the teeth. The balloons are inflated with S% 
Ivl solution, to render them opaque to X-rays. 




entestigatiojjs of the fuxctioxs or the S.\!ALT. 
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Part 2.— Determixatioks or diastase, inveutase. Ei-.n stN'. tAi AM; and 
L.ACTASE IN- THE FCRE JCICE OE THE .•‘MAM, INTE'-iTINi:. 


By W. ir. OIVEES. 

[Gut/'s Uo^pHal, Lnn’hn.)* 


By the method ofThiry, or some modificaiion of this, tlie jm'-f-iir*' nfiiin'! 
mvertase, erepsin, lipase and lactase has been est.aidishi-d in th'* jntfr jiiiio 
of the small intestine of dogs, and the.«e enzymes have also been (bniimr- tr.^D-d 
in extracts prepared from the mucosa of the small intc'^ruu' cif do;.-.; and riih.-r 
animals {vldt Babkin (1) for numcrou.s referenees). In adult annn.il-. 
unless milk-fed, lactase might be ab.scnt, or present only in lower eoneentral i-iu 
than in young animals (Weinlnnd (15)). All investigators have ),r, n 
impressed by the low enzymatic activity of the juice. 

In man the juice of the small intc-sline has rareh* been obtained unmixei} 
with secretions from other parts of the digestive tract. Only six record'; 
of such cases have been found and these are collected in Table I, together 
with those of two cases in which the secretion of the large intestine was 
studied. It will be seen that diastase, invertnso, erepsin and lipase have 
been demonstrated, but not lactase. Ibrahim (7) however found lactase 
m extracts from the mucosa of the feetus and of still-born babies. In man, 
as in animals, only a low enzymatic activity was found. 

Methods. 

The juice normally found in the small intestine is a mi.xture of the pure 
mtestinal secretion with secretions from any or all of the glands opening 
mto higher portions of the alimentary canal. In order to obtain pure 
intestinal secretion, and to compare its enzyme content with that of the 
normal mixed juices it is necessary to isolate a segment of intestine. The 


* Working as a KockefeRer Travelling Fellow at the Tliomclike Memorial Laboratory, Second 
Md Fourth Medical Services (Harvard), Boston City Hospital, and the Department of ' " ‘ 
Han-ard Medical School. 
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TABLE I. 


The findings reported by former investigators concerning the presence or absence hi the pure juice 
of the small intestine of man of invertase, erepsin, lipase and lactase. 



Diastase 

Invertase 

Erepsin 

Lipase 

Lactase 

Buscli (1868) (3) 

-f 

— 


— 


D6mant (1879) (4) 

-k 

"T 




Tubby and Manning (1891) (14) 

-k 

-k 


-k 


Nagano (1902) (10) 

+ ! 

4“ 


— 


Hamburger and Hekma (1902) (6) 

+ 


1 

+ ! 

— 


Bickel and Wagner (1934) (2) 

-k 


1 

1 



Esser (1908) (6) ; for large 

intestine 

+ 

— 


1 


Orb41i and Sawitcli (11) ; for 
large intestine 

i 

+ 1 

+ 

+ 1 

1 

+ 

— 


method of intubation used for this purpose was described in the preceding 
paper (13). 

Subjects, The majority of observations were carried out on two trained 
subjects. Of these one, L.M., aged 58 years, was healthy and knew of no 
illnesses in the past ; the other, I.S.E., aged 60 years, also healthy, had 
suffered 3 years previously from an attack of enteritis lasting about 2 weeks, 
with one recurrence in the subsequent year. Less numerous observations 
were carried out on 3 other subjects : — H.E.O., a healthy jmuth aged 20 
years ; E.C., a nervous man aged 25 years, who was somewhat under- 

nourished and had an old rheumatic carditis, with mitral stenosis, but no 
alimentary disorder ; J.E.M., aged 29 years, considered in more detail 

elsewhere (Owles (12)), exliibiting the syndrome of intestinal carbohydrate 
dyspepsia, but apparently physically fit. Scattered observations were made 
on several other individuals. 

Intubation. A segment of small intestine approximately 10 cm. in 
length was used. The depth of the isolated segment is designated as the 
distance along the tube from the teeth to the mid-point of the segment. 
Material aspirated from immediately above the proximal balloon is referred 
to as mixed juice. The juice initially aspirated from the isolated segment 
was similar. Aspirated fluid was regarded as a fair sample of pure intestinal 
juice only after prolonged washing of the segment with physiological saline, 
or after various other procedures to assure removal of material adsorbed 
by the intestinal mucosa, and to exclude leakage into the segment. 

Quantitative methods. The material aspirated from the intestine was 
not centrifuged, as control experiments showed, in agreement with former 
workers, a diminution in enzymatic activity if there had been any appreciable 
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cloud of mucus present. Phosphate buffer at pH 6-8 was used in the 
determinations of enzyme activity, as being well within the range normal 
to the small intestine (Knott (9) ; Karr and Abbott (8)), though not 
necessarily the optimum for each enzyme. In each case, except that of 
diastase, a bacteriostatic was added (sodium benzoate or toluene). In the 
case of diastase the incubation period was only 30 minutes, and controls 
showed that bacterial contamination introduced no significant error. The 
determinations of invertase, lipase and erepsin could not always be done 
after exactly 24 hours incubation, but in any given series of observations the 
incubation time for all tubes was always the same. Values for these 
determinations were calculated assuming a straight-line function for enzyme 
activity, plotted against time. This is not strictly correct, but does not 
affect conclusions as to the relative values for any given series of observations. 
Moreover, the absolute values for different series varied over so wide a range 
as to render errors due to this assumption insignificant. 

(1) Diastase. Twelve tubes, the first 10 containing graded amounts 
firom 0-05 c.c. to 0-50 c.c. of intestinal juice, the last 2 1-0 and 1-5 c.c., 
respectively, were set up with 0-5 c.c. of buffer and 1-0 c.c. of soluble starch 
solution (0-1% or 0-2%), and made up to 3 c.c. with water. The achromic 
point tested with iodine after 30 minutes at 38®C. gives units of diastase, = 
mg. of starch, or c.c. 0-1% solution, digested by 1 c.c. of juice. 

(2) Invertase. Two tubes were set up, each with 10 c.c. of a solution 
containing 10% sucrose and 0-2% sodium benzoate, and 5 c.c. of buffer 
solution, and in one 1 c.c. of unboiled intestinal juice, in the other 1 c.c. of 
boiled juice as control. Results are given as units = mg. reducing sugar 
as glucose, by Benedict’s method, after 24 hours at 38°C.. 

(3) Erepsin. Two tubes were set up, each with 10 c.c. of 2% " Difco 
Bactopeptone,” 5 c.c. of buffer solution, and 0-5 c.c. of toluene, and in one 
1 c.c. of xmboiled intestinal juice, in the other 1 c.c. of boiled juice as control. 
Results are given as units = mg. amine-acid nitrogen, by Sorensen’s formol 
titration method after 24 hours at 38‘’C., in comparison with control. 

(4) Trypsin. As for erepsin, substituting a 0-5% gelatin solution for 
the Bactopeptone. 

(5) Lipase. Two tubes were set up, each with 2-0 c.c. of neutral 50% 
emulsion of olive oil in gum acacia, 1 c.c. of buffer solution, and 0-5 c.c. of 
toluene, and in one 1 c.c. of \inboiled intestinal juice, in the other 1 c.c. of 
boiled juice as control. Results are given as units = mg. oleic acid titrated 
with N/10 NaOH after 24 hours at 3S°C., in comparison with control. The 
instability of the emulsion prevents precise accuracy, but allows detection 
of grosser changes. 

(6) Lactase. Qualitative tests only were performed, mixing in a 
fermentation tube 1 to 3 c.c. of intestinal juice, 10 c.c. of a 10% lactose 
solution, 5 c.c. of buffer solution, and 5 c.c. of yeast suspension, a control 
tube being set up with boiled juice. Gas formation indicates roughly the 
amount of enzyme, if any, present. 
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The diasfatic activity of the juice of the small intestine. 

Juice collected from above the isolated segment, which might contain 
saliva and pancreatic jmce, as weU as bile and gastric juice, gave high values 
for diastase ; in 13 estimations on the subject L.M., 1000 to 3000 units 
per C.C., average 1700 units per c.c. ; in 12 estimations on I.S.E., 450 to 
900 units per c.c., and once 275 units per c.c., average 600 units per c.c. ; 
in 2 estimations on E.C., 850 and 1000 units per c.c.. These subjects were 
considered normal. Tlnee estimations for J.E.M. with carbohydrate 
dj^spepsia gave values of 800, 900 and 1500 units per c.c.. 

Following the inital inflation of the balloons the juice flrst aspirated 
from the isolated segment was similar to the above ; in subsequent samples 



Fig. 1. The diastase concentrations in the juice aspirated after isolating the segment of small 
intestine. The interrupted lines indicate periods over which no estimations of diastase were 
made. Observations 1, 2, 3, 4, 5, and 9 upon Subject L.M. ; observation 6 upon Subject 
I.S.E. : observations 7 and 8 upon Subject J.E.M. (carbohydrate d 5 -spepsia). 

the amount of diastase feU progressively to very low flgures, usually in 45 
to 90 minutes (Fig. 1). Similar results were obtained if total enzyme output 
per unit time was calculated, taking into account the volume of juice secreted. 
The fall in diastatic activity was roughly parallel to that of the bile pigment 
content of the juice, and was accelerated by washing out the segment with 
saline. If a small volume of a solution of vital red was introduced into the 
isolated segment, and washing with saline continued until the return fluid 
was colourless, then after allowing time for subsequent secretion to wash out 
residual saline from the dead space of the tube, 5 to 7 c.c., later samples of 
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juice possessed only a very lo'n' diastatic activity, 1 or 2 units per c.c., often 
less, rarel}’’ more, and only once or twice as much as 10 units per c.c., compared 
with initial values of 500 to 3000 units per c.c.. Again it was shown that 
1^/20 hydrochloric acid would in vitro irreversibly destroy aU the enzymes 
studied when added to an equal volume of active juice. If 40 c.c. of 1^/20 
hydrochloric acid were run into the segment then, after removing the acid, 
subsequent samples of juice again showed low figures for diastatic activity, 
e.g., 1-5 units per c.c. as compared with 550 units per c.c. before introducing 
the acid (Table II). Leakage into the segment, as evidenced by the appear- 

TABLE n. 

The concentrations of diastase, invertase, lipase and erepsin, expressed in units per 1 c.c. of juice, 
attained in the juice secreted by an isolated segment of small intestine, after initial destruction 
of encymes contained in residual mixed juice by the insertion into the segment of Xj20 hydro- 
chloric acid. 




Diastase 


Invertase 

Lipase 

j ■ Erepsin 

Sub- 

ject. 


mixed 

juice 

A 

juice 

after 

acid 

B 

1 

A/B 

1 mixed 
juice 

A 

juice 

after 

acid 

B 

A/B 

mixed 

juice 

i 

A 

juice 

after 

acid 

B 

! 

A/B 

mixed 

juice 

A 

juice 

after 

acid 

B 

A/B 

I.S.E. 

130 

530 

■a 

370 

0 

■a 

B 

194 

6 

32-5 

20 

18 

1-1 

I.S.E. 

130 

500 

m 

290 

59 

21 

2-8 

25 

10 

2-5 

17 

IS i 

1 

1-0 

L.M. 

140 

■ 

m 

m 

324 

23 

14-1 

54 



42 




ance in the juice aspirated of vital red which had been inserted into the 
intestine above the balloons, was invariably associated with higher diastatic 
activity in the jmce. If such leakage occurred, or if a smaU volume of mixed 
juice was inserted into the segment, when the diastatic activity of the juice 
had reached low values, subsequent consecutive samples showed a progressive 
diminution in diastatic activity from the re-established higher level similar 
to that from the initial high level (Fig. 2). The faU in diastatic activity 
with consecutive samples was foimd to run closely parallel to that of known 
contaminants, whether occurring naturally {e.g., trjq^sin), or artifically 
introduced {e.g., mtal red) (Fig. 3), and contrasted strongly with the relative 
or complete absence of any fall in activity for invertase, erepsin, and lipase. 

These facts aU point to the cause for the fall in diastatic activity in 
consecutive samples, and for the low activity in the pure juice obtained by 
other means, being the removal of some residual contaminant rather than 
the gradual exhaustion of a store of enzyme from the cells of the mucosa. 
The possibility that this contaminant was some activator necessary for the 
diastase of the small intestine was eliminated in 7 control experiments, in 
which pure juice from the segment was mixed with active mixed juice in 
definite proportions, the resulting activities corresponding to the amounts 
present in the ingredients. Salivary diastase is presumably destroyed by 
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Fig, 2. The diastase concentrations in tbe juice aspirated after isolating a segment of small 
intestine. 40 c.c. of mixed intestinal juice •were inserted into tlic isolated segment at the 
point marked “X.” Subject L.M.. 
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Fig. 3. Tlie concentrations of various enzymes, and of %'ital red dye, in the juice aspirated 
after isolating a segment of small intestine, and the initial insertion of a small volume of 
vital red solution in physiological saline. Subject L.M,. The ordinate scales are not in units. 
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the acid of the gastric juice., which has of itself no diastatio actunty, bofovo 
entering the small intestine, and normal high values were found in the mixci 
Se in cases in which all saliva was aspirated from the mouth during tho 
observations, and none swaUowed. Pancreatic juice is known to possess a 
hit^h diastatic activity, and is therefore beheved to be ro^onsiblc for the 
M^h diastatic activity of the mixed juice. The great difference betneen 
the diastatic activities of mixed and pure juice was still found in 4 expenments 
in which it was tested at pH 7-9, 6-S, 6-6, and 5 0, so that there was no 
evidence of a second diastase secreted by the small intestine for winch tlie 


conditions of analysis were unsuitable. 

The majority' of observations were performed on segments of intestine 
isolated at depths from the duodeno-jejunal flexure, to 100 cm. below that 



level. Over this range no relation was found between intestinal level and tho 
enzyme concentration either of the mixed or of the pure juice. 

It is concluded that, in man the diastase of the pure iuice of the RmnlJ 

part in the digestive processes. As it was only about 1/10 of that found in 
serum (10 to 20 units per c.c.) it is probable that it is not a true secretion 

tetft of these facts on the clinical problem of 

intestinal carbohydrate dyspepsia is considered elsewhere (OwL (12)) 
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The invertase, crepsin and lipase of the juice of the small intestine. 

Investigations similar to those described for diastase v?ere carried ont 
for these enzymes. The concentrations in consecutive samples if they fell 
at all did not fall in comparable degree to those of diastase {vide Fig. 3 and 
Figs. 4, 5, and 6), and although the mixed juices contained usually more of 
each enzyme than did the pure juice, yet in 14 exj)eriments on L.M., in the 
ease of invertase the concentration in the mixed juice was never more than 
10 times as much as in the pure juice (average 4-7 times), in that of lipase 
once 11 times (average 3-2 times), and in the case of erepsin only once as 
much as 5 times (average 2-9 times). Similarly in the same number of 



Fig. 6. Tho erepsin concentrations in tlio juice aspirated after isolating a segment of small 
intestine. The interrupted lines indicate periods over which no estimations of erepsin were 
made. Observations 1, 2, 3, and 6 upon Subject L.IM. ; obsen-ation 4 upon Subject I.S.E. ; 
observation 6 upon Subject J.E.M.. 

experiments on I.S.E. the average values were 4, 6, 7, and 2-1 times respect- 
ively. One experiment on E.C. and one on J.E.iM. gave results agreeing 
until these. When compared with the corresponding values for diastase, 
which ranged from 500 to 2000 times, these results, together until those in 
Table II, show incontestably that the enzymes invertase, lipase and erepsin 
are secreted by the mucus membrane of the small intestine in significant 
amounts. That the absence from the pure juice of activators present in the 
mixed juice did not account for the lower activity of the former was demon- 
strated for these enzymes in the same way as for diastase. In the case of 
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lipase tliis ■«'as surprising, as bile salts are known to augment its activity ; 
possibly the instability of the oil emulsion, and the lack of continuous 
shaking throughout the 24 hours incubation, prevented the eflFective action 
of the bile salts. 

As in the case of diastase no relation was found between intestinal 
level, over the range studied, and enzyme concentrations in either mixed 
or pure juice. 

It should be noted finally that the concentrations of invertase, lipase 
and erepsin found in the serum in 4 control experiments, namely 0, 0 to o, 
and 0 to 2 units per e.c., respectively, unlike those for diastase were lower 
than those in the pure intestinal juice. 



Fig. 6. Tlie lipase concentrations in the juice aspirated after isolating a segment of smallintestine. 
The interrupted lines indicate periods over which no estimations of lipase were made. Ob- 
sen-at ions 1, 2, and 5 upon Subject L.M. ; observation 3 upon Subject I.S.E. ; observation 4 
upon Subject J.E.1I.. 


The lactase of the juice of the small intestine. 

Qualitative tests for lactase were made on the pure intestinal juice of 
G subjects (14 observations). It was demonstrated in each of 9 observations 
on 5 of these subjects (L.M., H.E.O., J.E.M., E.C., J.W.I.). In the case of 
I.S.E. it was found in relatively low concentration in 3 determinations, but 
not in 2 others. The washing of the segment was not always equally 
complete, but no constant relation between this and the activity of the 
juice was found. Lactase was demonstrated in specimens believed to be 
uncontaminated, and having low diastatic activities. Therefore lactase may 
be accepted as a constituent of the pure juice. 
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SUSBIABY. 

1. The diastase of the pure secretion of the small intestine is, in man, 
insignificant in amount, and forms at most a very small proportion of the 
diastase present in the mixed intestinal juices. Thus this diastase can play 
only a very small role in the total breakdovra of starch in the small intestine. 
Indeed it is probable that diastase is not a true secretion of the human 
small intestine. 

2. The invertase, erepsin and lipase of the pure juice provide a signifi- 
cant proportion of these enzymes, as they are found in the mixed intestinal 
juices, and appear to be true intestinal secretions. 

3. Lactase has been demonstrated in the intestinal juice of 6 men, and 
is a true secretion of the small intestine. 
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INYESTIGATIONS OF THE FUNCTIONS OF THE SMALL 


INTESTINE IN MAN BY INTESTINAL INTUBATION. 


PaET 3. — ^FaCTOBS rsriXTJEKCrN'G the SECBETIOS- of juice by the SILALE 

IKTESTINE. 

By W. H. OWLES. 

■ ( Guy’s Hospital).* 


In* dogs Trith Thiry fistul® of the small intestine no secretion of intestinal 
juice occurs in the true resting state (Pau-low (20)), apart from a slight 
periodic secretion lasting a few minutes at intervals of some hours (Boldyreff 
(3)). Mechanical stimulation readily induces a flow of juice, the response 
being strictly local in character. Similarly many and various chemical 
substances have been found to act as efficient local stimuli, e.gr., calomel, 
hydrochloric acid, gastric and pancreatic juices, and solutions of carbo- 
hydrates, peptone and magnesium sulphate (Rohmann (22) ; London (11) ; 
Babkin (1)). Section of the nerve supply to the segment leads to a continuous 
secretion apart from any local stimulation (Moreau (13)). In the majority 
of cases no eSect on the secretion from the segment was found to foUow oral 
administration of food (Pawlow (20) ; Babkin (1)). Some investigators 
found a decrease in output (Brestkin and Sawitch (4) ; Oppenheimer (16) ; 
Ravdin (21) ; Cajoii (5)). Rarely, and at high intestinal levels only, an 
increase was found, especially after giving fats (Glinski (8)). Sanitch (23) 
demonstrated an increase to occur after food when the segment studied was 
denervated. Nasset, Pierce, and MurKn (15) found an increased secretion 
from jejunal transplants after food, but consistently only after denervation 
of the transplant. Sawitch (23) suggested that there is a normal nervous 
inhibition of intestinal secretion from which the gland cells are liberated by 
local mechanical or chemical stimulation. Babkin (1) supports this 
conclusion. 

With continued mechanical stimulation there is a progressive fall in 
enz 3 'me concentration in the juice secreted. Sawitch found a speciflc effect 


•Working ns a IU>ckefeller Travelling Fellow at the Thorndike Memorial Laboratory, Second 
nnd Fourth Medicnl Services (Haiward), Boston City Hospital, and the Department of Medicine, 
Hansard Medical School. 
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for locally applied pancreatic juice in re-establisliing the output of entero- 
kinase in such cases, and others have found analogous effects for pepsin and 
tr3^sin in the case of erepsin, for starch and pancreatic juice in the case of 
diastase, and for pancreatic juice in the case of lipase {vide Babkin (1)). 
Mechanical stimulation has been considered capable only of liberating 
enzymes from stores preformed in the mucosal cells, ne-vv formation depending 
on specific chemico-hormonal effects associated mth food, and possibly vith 
the secretion of pancreatic juice. Apart from the exceptional case reported 

TABLE I. 


The effect on the volume, total enzyme output and enzyme coneentration of the juice secreted by an 
isolated segment of small intestine of mechanical stimulation due to the pressure of the inflated 
balloons. 


Observation. 

Subject. 

Sogmont depth 
in cm. 

Inflation pressure 
of the balloons in 
cm. of water. 

Secretion time of 
sample, in min. 
from beginning. 

Rato of Boorotion 
in c.c. per 15 min.. 

Invortnso units 
per 1 o.c. juice. 

Invortnso units 
por min.» 

Lipase units 
per 1 0 . 0 . juice. 

Lipaso units 
por min,. 

Erepsin units 
per 1 e.o. juice. 

Eropsin units 
por rnin,. 

1 

L.M. 

120 

48 

0 to 6 

180 ! 

16 

19 

21 

25-0 

14 






6 to 8 

180 j 

9 

11 

— 

— 

— 

1 — 





8 to 37 

50 

13 

4 

30 

100 

14 






37 to 59 

4-5 

7 

2 i 

14 

4*0 , 

1 

S , 

I 2-0 

2 

J.E.1I, 

105 

48 

0 to 7 

26-5 

23 

39 

86 

146-0 







7 to 10 

24-0 

23 

37 

48 

77-0 

— 

— 





10 to 16 

150 

32 

32 

1 79 

79-0 

11 






15 to 56 

2-0 

68 

10 

61 

9-0 

10 

1-5 





56 to 94 

3o 

83 

18 

70 

16-0 

j 

• 

3 

L.M. 

120 

0' to 130' 

0 to 15 

4-5 

100 


■1 

2-0 

15 

4-5 




32-5 

15 to 40 

6-5 

215 


mm 

3-5 

16 

5-5 




then 

40 to 76 

30 

240 


mSm 

2-0 

14 

3-0 




3S 

76 to 150 

10 

210 

17 

■n 

trace 

15 

1-0 





150 to 169 

6-5 

140 

60 

4 

2-0 

11 

5-0 





169 to 194 

5-5 

40 

15 

7 

3-0 

5 

2-0 





194 to 210 

30 \ 

18 

3 

— 

— 

— 

— 

4 

I.S.E. 

; 100 

35 

80 to 105 

2-5 j 

63 

11 

24 

4-0 

— 

— 



i 

45 

105 to 125 

6-5 j 

47 

21 

23 

10-0 


i 


by Delezenne and Frouin (6), who found stimulation of the secretion from 
an isolated segment of jejunum as a result of the insertion of N/10 hydrochloric 
acid into the duodenum, no such remote effect has been demonstrated. 

Following the injection of histamine conflicting results have been 
obtained, Koskowski (10) found an increased volume and total enzyme 
output, Ravdin (21) an increased volume output, Cajori (5) an increased 
volume but unchanged total enzyme output. 

In man investigations are scanty. Hamburger and Hekma (9) and 
others have verified the effect of mechanical stimulation, and Bickel and 
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Wagner (2) that of calomel. Orbeli and Saivitch (17), investigating the 
cffical secretion, verified the fall of enterokinase secretion with continued 
mechanical stimulation and its specific restoration by locally applied 
pancreatic juice or oral administration of food, but did not find any similar 
fall in the case of erepsin. ' They demonstrated also local stimulation by 
amino-acid solutions. Demant (7) and Nagano (14) found an increased 
secretion of small intestinal juice in the afternoon, possibly as a result of the 
naid-day meal, but did not investigate this relationship further. Tubby and 
Manning (24) could find no relationship between variation in flow and meals. 
Orbeli and Sawitch (17) found no increase in volume or erepsin secretion in 
the large-intestinal juice with food, but found an increase in enterokinase 
secretion. Bickel and Wagner (2) demonstrated marked changes in small 
intestinal secretion (a) an immediate increase, 2 to 5 minutes after food, 
lasting 3 to 4 hours and considered psychic in origin, (6) a fall again to a low 
level for 1 to 2 hours, and (c) a second rise lasting about 2 hours, believed to 
be chemico-hormonal in origin. 

The present investigation has attempted to obtain further data for man. 
The method of intestinal intubation, and the analytical methods used, 
have already been described (Owles (18 and 19)). The data obtained for 
diastase are presented in the tables throughout, but are considered separately 
from those on invertase, lipase and erepsin in a final section. 

The effect of mechanical and chemical stimuli applied directly to the small 
intestine on the secretion of its juice. 

The method of intestinal intubation does not permit investigation in 
the complete absence of any local mechanical stimulation. Following the 
inflation of the balloons there was a gradual fall from the initial values for 
both volume and total enzyme output, and often for enzyme concentration, 
in the juice secreted by the isolated segment, (Table I, Obs. 1 and 2). In 
these examples, which are selected, the possibility that this fall was due to the 
Arashing out of residual mixed juice could be excluded on account of the 
relative enzyme concentrations of the initial juice and that collected later, 
and the initial high values were probably due to stimulation resulting from 
the inflation of the balloons. This is supported by the fact that (Table 
I ', Obs. 3 and 4) when the enzyme output had fallen to a low and relatively 
steady level a further increase in balloon pressure resulted in a secondary 
rise in output. K ak Avas run in and out of the segment during the collection 
of the samples (Table II, Obs. 1, 2 and 4) stimAilation both of volume output, 
and of total output of invertase, lipase and erepsin occurred. Similar 
slight stimAilation of enzyme secretion occurred if normal saline was 
inserted (Table II, Obs. 3, 4 and 5), but more if it was run in and out of 
the segment (Table II, Obs. 3), or if air was nm in and out as well (Table II, 
Obs. 5). The stimulating effect of air was of the same order as that of 
saline, and there Avas no evidence of any effect of the latter other than a 
purely mechanical one. 
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TABLE n. 


The effect on the volume and total enzyme output of the juice secreted by an isolated segment of small 
intestine of the insertion into the segment of various substances. 




_C 


o 









' 

s 

^ : 
o A 





Observation. 

Subject. 

Segment dept 
cm.. 

Nature of sample and of 
substance inserted into 
the isolated segment. 

Duration of sa 
in min.. 

S E 

§2 
tw u 

O O 

o ^ 

• 

d o 

PA cS 

Invortaso unit 
per min.. 

m 

^ C 

o 

CO c 

a ^ 

P4 U 
•r* o 

^ a 

m 

*s 

3 . 

c .5 
*5 P 

S 

PA a 

Diastase units 
per min.. 

1 

L.M. 

120 

Besting juice 

14 

50 

H 

1-6 

2*5 

1 




Besting juice 

72 

2-6 

Kflil 

0-6 

1-6 





Air run in and out of segment 

16 

80 

EifiSI 

1-0 

90 




Air run in and out of segment 

15 

6-5 

250 

2-0 

6-6 

} 

2 

L.M. 

160 

Besting juice 

32 

4-0 

M 

0-3 

2-5 

~ 

}<0-6 




Air run in and out of segment 

10 

90 

B 

0-6 

60 

3 

L.M. 

160 

Besting juice 

20 

7-0 

n 


3-6 

1 0-5 




Besting juice 

20 

4-6 


0-5 

30 




20 c.c. saline inserted 

10 

— 

BwSia 

1-0 

4-5 

<1-6 




20 c.c. saline run in and out 

10 



41-0 

1-0 

6-0 

<1-6 




10 c.c. 10% MgSO.soln. inserted 

10 

16-0 

300 

1-0 

3-6 

<1-6 



120 

Besting juice 

33 

6-6 

H 

2-0 

0-5 





Besting juice 

13 

6-6 

■mi 

20 

2-0 





Besting juice 

Air run in and out of segment 

13 

8-0 


2-5 

2-5 





for last 3 min.. 

16 

6-0 

20-0 

1-5 

30 

1 




Air run in and out of segment 

18 

8-6 

21-0 

30 

4-0 

^<2-0 




Air nm in and out of segment 

16 

9-0 

20-0 

2-5 

3-5 

J 




20 c.c. saline inserted 

10 

' ' 

160 

50 

50 

< 1-7 

6 

I.S.E. 

126 

Besting juice 

18 

60 

9-6 

60 

30 





Besting juice 

30 c.c. saline in 10 min., then 

27 

80 

13-0 

11-0 

4-5 

<1-5 




air run in and out. 

20 


18-0 

250 

6-6 





30 c.c. saline inserted 

20 c.c. 2% glucose in 10 min.. 

15 

■ 

8-0 

14-0 

3-0 





then saline -wash-outs 

16 


7-0 

130 

4-0 





20 c.c. 10% glucose in 11 min., 
then saline wash-outs 

20 c.c. 10% sucrose in 10 min.. 

26 

■ 

30 

30 

2-0 

<0-6 




then saline wash-outs 

20 c.c. boiled mixed juice in- 

28 

B 

6-5 

6-0 

2-0 





serted 

10 

■ 

11-0 

8-6 

5-5 

4-0 

6 

I.S.E. 

136 

Besting juice 

20 

90 

90 

3-0 

2-0 





20 c.c. 10% glucose solution 

10 

" 

0-0 

00 

4-5 

<1-6 
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TABLE n — continued. 


Observation. 

Svibjcot. 

.s 

3 

Q* 

o 

a 

o 

GQ O 

Nature of sample and of 
substance inserted into 
the isolated segment. 

Dumtion of eamplo 
in min.. 

-5 
c : 

.2 c 

■43 

s s 

§2 

1 CQ ^ 

' o o 
o p- 

■43 . 

« 1 

Invortnso units 
por min.. 

Lipaso units 
por min.. 

Eropsin units 
por min,. 

m 

*s 

S.5 

(3 u 

fl C. 

7 

I.S.E. 

140 

Besting juice 

18 

7-5 

11-5 

3-5 

6-0 





Besting juice 

16 

8-5 

18-5 

1-6 

10 0 





20 c.c. 10% MgSO^ solution 

10 

18-0 

49-5 

11-5 

460 


8 

L.M. 

120 

Besting juice 

25 

9-5 

220 

26-0 

60 

360 




Besting juice 

15 

6-5 

28-0 

16-5 

— 

350 


! 


10 c.c. 10% SfgSOj solution 

1 

5 

1 

300 

_ J 

50-0 

26-0 

26-0 

1-6 

1 

0 

1 

L.M. 

135 

! 

20 c.c. 2% starch solution 

17 

■ 

22 0 

37-0 

2-5 

30 

10 ^ 

1 

I.S.E. 

130 

• 1 

Besting juice 

27 

10-5 

31-0 

5-5 

12-5 

— 




20 c.c. N/10 HCl inserted for 

7 

25-5 

00 

0-0 

00 

0-0 




5 min., then consecutive 

11 

11-0 

10-5 

4-5 

15-5 

— . 




samples collected 

21 

8-5 

120 

5*5 

6-5 

1-0 





37 

8-5 

12-0 

6-5 

10-0 


11 

1 

l.m:. 


Besting juice : 

15 

8-5 

31 0 

2-0 

Bo 

— 




25 c.c. N/10 HCl inserted for 




00 

00 

— 




5 min., then consecutive 


16-7 

KUil 


8-0 

— 




samples collected 


6-8 

kitSil 


4-5 

— 





18 

10-7 

15-0 


30 

— . 



i 


10 

10-0 

160 

H 

3-5 


12 

L.M. 


Besting juice 

25 

4*5 

260 

4-5 

3-5 

27-0 




30 c.c. mixed juice inserted 

15 


- - 

- 

__ 






for 5 min., then consecutive 

57 

3-0 

22-0 

4-0 

30 

22'0 




samples collected 

33 

2-5 

230 : 

4-0 

30 

21-0 

j 

i 



' d5 

2-5 

1 

20-0 

I 1 

30 

1 2*5 j 

1 

16-5 

13 

L.AI. 

125 

Besting juice 

15 

4-0 

1 

1 






Besting juice 

15 

3-0 

— 

— 

— 

— 




25 c.c. mixed juice inserted 1 





1 





for first 3 min.. J 

18 

I I'O 
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Hypertonic magnesium sulphate solutions inserted into the segment 
induced a marked increase in volume output of juice, and an increased 
secretion of mucus, both effects being in evidence on introducing any irritant, 
such as distilled water, solutions of iron salts, or N/20 hydrochloric acid. 
In 5 minutes 10 c.c. of 10% MgSO* solution were diluted to approximately 
20 c.c. (2 observations), 20 c.c. to 35 c.c. (5 observations), 10 c.c. of 20% 
solution to 40 c.c. (2 observations), and in 10 minutes, 10 c.c. of 30% solution 
to 70 c.c. (1 observation). Total enzyme output was also augmented 
(Table II, Obs. 3, 7 and 8), though usually to a less degree than was volume 
output. No persistence of the stimulatory effect was found in one observation 
5 minutes after washing out the magnesium sulphate solution. 

N/20 hydrocholoric acid introduced into the segment irreversibly 
inactivated aU the enzymes, but was rapidly diluted and neutrahzed ; for 
example, 10 c.c. N/10 hydrochloric acid were diluted in 2 experiments to 
40 c.c. and 30 c.c., in 3 and 5 minutes, with final total acidities equivalent to 
2 c.c. and 3 c.c. N/10 acid, respectively ; 25 c.c. and 20 c.c. N/20 acid were 
diluted in 5 minutes to 45 c.c. and 40 c.c. respectively with a final acidity 
in the latter case equivalent to 3-5 c.c. acid. It was possible therefore that 
the stimulating effect might persist beyond the time at which the acid could 
inactivate any enzymes secreted, but this was not found to be so (Table II, 
Obs. 10 and 11), and no increase m active enzyme calculated over the whole 
period occurred. The local action of the acid of the gastric contents therefore 
cannot be a normal physiological stimulus to secretion of intestinal invertase, 
lipase and erepsin. Similarly no stimulating effect was found for the local 
action of boiled mixed intestinal juice, containing bile salts (Table II, 
obs. 5), or for unboiled active mixed juice (Table 11, Obs. 12 and 13) 
of high diastatic activity, and so presumably containing pancreatic 
juice (19). 

Such few observations as were made for carbohydrate solutions showed 
either no stimulation, or no greater stimulation than corresponded with the 
mechanical effect as seen on insertion of air or normal saline (Table II, 
Obs. 5, 2% glucose solution ; Obs. 5 and 6, 10% glucose solution ; Obs. 5, 
10% sucrose solution). FoUoudng the insertion of 2% starch solution 
(Table II, Obs. 9) the enzyme output Avas within the normal range. In 
one observation the insertion into the segment after only shght preliminary 
washing vdth saline of two 30 c.c. volumes of 1-3% starch solution, for 15 
minutes each, followed by 30 c.c. of 0*3% glucose solution for 25 minutes, 
failed to check the fall of diastase concentration and total output normally 
seen with sahne alone under such circumstances (Owles (19)). 

Cohc ahveloped during the course of some experiments (Table III), 
and there a simultaneous increase in volume and total enzyme output 
of the juice on^e order to that above. The colic Avas probably due to the 
pressure of the qalloons, and was associated AAdth increased tonus and motor 
activity of the intestine, as evidenced by movements in the air -water reser- 
voirs used for in^tion of the balloons. 
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TABLE m. 


Variations in the volume, total eneyme output, and enzyme concentrations, of the juice secreted by an 
isolated segment of small intestine, occurring in association with the ^velopment of intestinal 
colic. 


c 

.2 

c3 

> 

u 

o 

X 

o 

Subject. 

Segment depth 
in c.m.. 

Duration of mimplo 
in min.. 

Bale of flow in c.c. 
per 15 min.. 

Invortaso units 
per 1 0 . 0 . juico. 

Invortnso units 
per min., 

Lipase units 
per 1 0 . 0 . juico. 

Lipnso units 
per min,. 

Eropsin units 
por 1 c.c. juico. 

33 

C ^ 

S 

2 ^ 

H c. 

d 

a 

5 . 

o d 

u 

5 2 

a 

5 

a .S 

a u 

S c. 

1 

E.C. 

125 

23 

80 

50-0 

26-0 

6-0 

3-0 

25-0 

13-0 

90 

50 




10 (colic) 

13-5 

56-0 

51-0 

8-0 

7-0 

18-0 

16-0 

— 

— 




45 

4-0 

83-0 

21-0 

23-0 

6-0 

22-0 

5-5 

— 

— 

2 

L.M. 

135 

33 

4-5 

47-0 

14-0 





23-0 

7‘5 

850 

255 




40 

4-0 

48-0 

12-0 

— 

— 

25-0 

6'o 

150 

39 


, . 


20 (colic) 

7*5 

45-0 

23-0 

— 

— 

22-0 

11-0 

60 

31 




10 

3-5 

— 

— 

— 

— 

18-0 

4-0 

34 

8 




6 

3-5 

56-0 

13-0 


— 



22 

5 

3 

l.m:. 

140 

20 (colic) 

7-5 

29-0 

22-0 

13-0 

10-0 

6-5 

5-0 








20 (colic) 

7*5 

31-0 

23-5 

10-0 

7-5 

5-0 

4-0 

— 

— 




14 

10-0 

14-0 

9-5 

7-0 

4-5 

6-0 

4-0 

— 

— 

4 

I.S.E. 

100 

25 

2-5 

63-0 

11-0 

24-0 

4-0 

— 


— 





22 (colic) 

6*5 

47-0 

19-5 

22-0 

9-5 

28-0 

11-5 

10 

5 

5 

I.S.E. 

200 

2G 

7-0 

15-0 

7-0 

6-0 

2-5 

4-0 

2-0 

10 

5 




6 (colic) 

11-5 

14-0 

11-0 

6-0 

4’5 

3-0 

2-5 

— 

— 




12 

80 

12-0 

6-0 

6-0 

3-0 

4-0 

2-0 

— 

— 

6 

I.S.E. 

210 

37 

5-0 

34-0 

11-0 

23-0 

7'5 

10-5 

3-5 








24 (colic) 

8-0 

30-0 

17-0 

20-0 

11-0 

10-0 

6-5 


— 




24 

8-5 

27-0 

16-0 

30-0 

17-0 

11-0 

6-5 

. 

— 




34 

60 

28-0 

11-0 

23-0 

9-0 

12-0 

4-5 

1 

0-5 


In every case the individual enzymes, invertase, Kpase and erepsin 
■were similarly affected. Diastase •will be considered separately later. 
Enzyme output kept parallel to volume changes rather than to enzyme 
concentrations of the juice. 

If air (Table TV, Obs. 1, 5 and 6), or saline (Table IV, Obs. 2, 4 and 6) 
was run in and out of the intestine above the segment a similar stimulation 
of the juice secreted by the isolated segment was seen, of like order in the 
two cases. 5% glucose solutions (Table TV, Obs. 2 and 3), and 15% MgSO^ 
solution (Table IV, Obs. 3) similarly introduced produced a corresponding 
degree of stimulation. lSl/20 hydrochloric acid (Table IV, Obs. 2) produced 
no significant stimulation. In this series of observations the solutions were 
run directly into the 2nd part of the duodenum, since it seemed probable 
that in this way any specific effects would be most readily demonstrated, 
but no such effect in excess of that with air or saline was found. 
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TABLE IV. 

The effect on the volume, total enzyme output and enzyme concentrations of the juice secreted by an 
isolated segment of small intestine of the introduction of various substances into the intestine 
above the segment. 




Substances 
inserted into the 
intestines above 
the isolated 
segment. 


71' to 81' ; 60 
c.c. air run in 
and out. 


? diluted with 
saline from 
initial washing. 
40' to 50': SOo.c. 
saUne in 
duodenum 

62' to 72': 60 
c.c. N/20 HCl 
in duodenum. 
97' to 102': 
30 c.c. 6% glu- 
cose in duode- 
num. 


65' to 75' ; 16 
c.c. 6% glucose 
in duodenum 

105' to 115': 

15 c.c. 15% 
MgSO^ in duo- 
denum. 


Secretion 
time of 
sample 
in min.. 


66 to 80 
80 to 100 
100 to 120 


0 to 44 


63 to 100 


100 to 116 
116 to 132 


0 to 34 
34 to 47 
47 to 66 


66 to 86 
86 to 97 


97 to 110 



14 80 

20 100 
18 7-0 


4 L.IM. 160 


Oto 28 

80 c.c. saline 

inserted at 27' : 28 to 43 

Eeaspirated 

from 30' to 65' 43 to 75 



6-0 3-0 4-0 
4-0 2-0 4-5 
6-6 2-0 5-6 


2- 5 1-5 

3- 0 ' 


3-0 2-0 4-5 



2-0 
2 0 < 2-0 
2 0 < 2-0 
2-0 — 
2-0 10-0 
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The tendency for a fall in enzyme output to occur with continuance of 
mechanical stimulation (Table I, Obs. 1, 2 and 3 ; Table H, Obs. 1 and 4) 
shows that a continued stimulus soon becomes less effectual. This tendency 
was seen up to the longest periods followed, 5 hours from initial inflation 
of the balloons, and 3 hours from the termination of any washing of the 
segment. In dogs this continued fall has been attributed to the gradual 
e^austion of an enzyme store from the mucosal cells, but there would seem 
no good reason for separating it from the initial more rapid fall, which is 
undoubtedly due to adaptation to a continued stimulus, especially as food 
administered orally, and entering the intestine above the segment during the 
observation, did not check the fall (Table V, Obs. 7), nor did the insertion 
into the segment of mixed juice, presumably containing pancreatic juice 
(Table II, Obs. 12). 

The results obtained therefore agree with those on animals in establishing 
mechanical stimuli as effective local augmentors of intestinal secretion, but 
differ in that they demonstrate a spread of the response to neighbouring 
parts of the intestine. A possible explanation of this difference is that the 
operative procedure involved in the establishment of a Thiry fistula necessi- 
tates the transection of any local nerve plexuses. Such nerve connections 
are mamtained intact in the present method of investigation, and are the 
probable means of transmitting stimuli from neighboming parts of the 
intestine. No specific action was demonstrated, either as regards their local 
or remote effects, for the various solutions studied. 


The effect of orally administering various substances on the secretion of juice 
by an isolated segment of small intestine. 

Table V gives the results of experiments in which this effect was 
investigated, the substances administered being reaspirated throughout 
from a point immediately above the isolated segment. Stimulation of 
volume output of juice, and of total output of invertase, lipase and erepsin 
was demonstrated following the drinking of water (Obs. 3, 4 and 6), the 
administration of eggs and milk (Obs. 1, 2 and S), of glucose solution (Obs. 5), 
of ferrous sulphate solution (Obs. 11), and of ferric ammonium citrate solution 
(Obs. 12). In one instance on I.S.E. (Obs. 9), the drinking of glucose 
solution resulted in little, and in another (Obs. 10) in no stimulation. No 
consistent differences were noted for relative changes in output of the indivi- 
dual enz3Tnes. 

Table VI contains such observations as are available, in which it is 
possible to compare the responses to similar stimuli at different intestinal 
levels in the same individual. It is clear that there is a tendency to a greater 
response at higher intestinal levels, this agreeing with the scanty observations 
of former workers. Taking this fact into account there is no evidence 
forthcoming from the above results for any specific effect for food substances 
in augmenting the secretion from the segment, comparable degrees of 
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TABLE V. 

The effect on the volume, total enzyme output and enzyme concentrations of the juice secreted by an 
isolated segment of small huestine of oral administration of various substances. The asterisk 
indicates the first sample of material aspirated just proximal to the isolated segment which 
contained the substance administered. 


Observation. 

Subject. 

Segment depth 
in cm.. 

Substance adminis- 
torod orally. 

Secretion time in 
min. of sample, 
relative to adminis. 
tration of food, etc. 

Juice from segment 
in c.c. per 16 min.. 

J nice above segment 
in c.c. per 16 min.. 

Diastase units 
per 1 c.c. juice 

Invortase units 
per 1 c.c. juice. 

Invortase units 
per min.. 

Lipase units 
per 1 c.c. juice. 

§ £ 
a ^ 

Eropsin units 
per 1 c.c. juice. 

» 

5 . 

ci 
s g 

o u 

A 04 

1 

E.C. 

125 

2 eggs at 0' 

— 95 to — 66 

8-5 

■ 


43 

24-0 

6-0 

3-5 


6*0 





— 66 to — 43 

80 

0 

— 

50 

26-0 

6-0 

30 


130 




Colic from 

— 43 to — 32 

13-6 

14 

— 

66 

51-0 

S-0 

7-0 

BbSI 

16-0 




— 50' to 

— 32 to + 12 

4-0 

1 

— 

S3 

21-0 

230 

60 

22-0 

6-5 




—30' 

+ 12to + 26 

90 

3* 


73 

45-0 

37-0 

23-0 

BESi] 

8-0 





-f 26 to + 42 

6*5 

13 


81 

350 

23-0 

100 

1^^ 

9*5 





-f" 42 to oo 

90 

26 

— 


36-0 

i 17-n 

10-5 


12-5 





-j- 55 to -j- 65 

7-5 

9 



29-0 


8-5 


10-0 

2 

L.M. 

130 

1 egg and 

—160 to —143 

30 

0 

800 

no 


190 

4-0 

14-0 

3-0 




200 c.c. 

—143 to — 60 

2-5 

7 

600 

127 

23-0 


4-0 

16-0 

3-0 




milk at 0' 

— 60 to — 6 

2-5 

0 

250 

110 

20-0 

17-0 

3-0 

13-0 

2*5 





— 5 to + 14 

6-5 

75* 

90 

126 

54-0 

20-0 

8-5 

14-0 

6-0 





+ 14to + 27 

110 

100 

20 

62 

45-0 

16-0 

12-0 

8-0 

6-0 





+ 27 to + 42 

60 


15 

192 

74-0 



14-0 

5-0 

3 

L.M. 

135 

300 c.c. 

— 81 to — 67 

5-5 


B 

103 


1-5 

0-5 

90 

3-5 




■water at 0' 

— 67 to — 33 

80 



90 


I’O 

1-0 

10-5 

5*5 





— 33 to — 22 

14-6 

44 


85 

83-0 

3-0 

3-0 

10-5 

10-5 





— 22 to 0 

60 

8 


63 


0-5 

0-5 

7-5 

3-0 





Oto + 9 

22-0 

19* 

^^9 

64 


1-6 

2-0 

7-5 

11-0 





+ 9 to + 33 

190 

40 

<0-7 

44 


1-5 

20 

6-5 

S*5 

4 

L.M. 

n 

360 c.c. 

— 91 to — 70 

40 


B 

68 

19-0 

15-0 

4-0 

S'O 

2-5 




■water at 0' 

— 70 to — 26 

4-5 

16 

<1-0 

61 

150 

5-0 


9-5 

3-0 





— 26 to + 11 

6-5 

21* 

<10 

54 

190 

3-5 


8-5 

3-0 




2 eggs and 

+ 11 to 4- 43 

5-6 

50 


47 

18-0 

6-0 


8-5 

3-5 




250 c.c. milk 

+ 43 to + 86 

3-5 

5 


66 

12-5 

4-5 

1-0 

8-0 

2-0 




at SO' 

+ 86 to +109 

6-5 

12* 

■ 

B 






6 

L.M. 

155 

100 C.C. 10% 

— 39 to + 10 

4-5 

16 


57 

16-5 


11-0 

14-0 

4-0 




glucose solu- 

+ 10 to + 17 

17-5 

38* 

— 

35 

41-0 


27-0 

14-0 

16'5 




tion at 0' 

+ 17 to + 30 

130 



51 

45-0 


27-0 

27-0 

24-0 

G 

L.M. 


500 C.C. 

— 48 to — 27 

7-0 


1 

44 


5-0 

2-5 


3-5 




■water at 0' 

— 27 to — 4 

4-6 

7 

il.6 

65 



0-6 


3-0 





— 4 to + 24 

5-5 

3* 

1 

72 



1-0 







+ 24to + 34 

60 


J 
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TABLE V — continued. 


s 

> 

b. 

o 

w 

pS 

O 

i 

•4^ 

o 

o 

? 

C : 

1 S 

e> £ 
W.5 

Substance adminis- 
torod orally. 

Secretion tiino in 
min. of sample, 
relative to adminis- 
tration of food, etc. 

Juice from segment 
in c.c. per 15 min.. 

Juice above segment 
in c.c. per 15 min.. 

Diastase units 
per 1 0 . 0 . juice ■ 

Invortaso units 
per 1 c.c. juice. 

Invortaso units 
por rnin.. 

6 

U 

ee 

? d 

cc 

a 

c- 

5 

5 : 

".c 

O c 
aj £5 

3S, 

d 

o 

^ d 

*£ 

p u 

a 

’c 

*5 £ 

S ^ 
Jk o 

C- 

7 

L.M. 

160 

2 eggs and 
300 c.c. 

Milk at 0' 

— 42 to — 10 

— lOto 0 

— 0 to + 15 

lo to 3o 

-f- 35 to -J* 

4- 0 
90 

5- 5 
8-5 
7-0 

26 

6 

5 

41» 

28 

1 

i'" 

66 

60 

58 

51 

47 

16-5 

36-0 

33-5 

29-5 

22-5 

m 

B 

0-5 

0- 5 

1- 5 
0-5 
0-5 

B^Q 

B^Q 

2- 5 
6-0 
6-0 
4-5 

3- 5 

Air run in and 
out from 
— 10 on 

s 

I.S.E. 

105 

2 eggs, cereal 
and cream 
at 0’ 

— 97 to — 52 

— 52 to -f- 6 

-f 6 to -f 34 
“f" 34 to d” ^ ^ 
-f- 47 to 4- 52 
+ 52 to -f 88 

2-5 

20 

4-5 

7-0 

7-5 

20 

■ 

1 

4-5 
4-0 
2-0 
2 0 
1-5 
3-0 

153 

212 

196 

170 

] 165 

24-0 

26-5 

58-5 

79-5 

83-0 

23-5 

1 

6-5 

5-5 

12-0 

14-5 

12-5 

3-5 

14-0 

18-0 

18-0 

17-0 

} 17-0 

2-0 

2-0 

5-5 

8-0 

8-5 

2-5 

9 

I.S.E. 

135 

100 c.c. 10% 

— 50 to — 23 

6*5 

13 

<1*5 

23 

100 

210 

9*0 

8-0 

3-5 




glucose in 

f^^mu 

i'O 

17 

<1-5 

21 

11-0 

18-0 

9-0 

6-0 

3-0 




orange juice, 


9*5 

33* 

<1-0 

17 

10-5 

16-0 

10-0 

4-0 

2-5 



' 

at 0' 

ebev H^Erii 

7^ 

24 

1-0 

17 

8-5 

13-0 

6-0 

4-0 

2-0 



( 



9-5 

15 

10 

17 

10-5 

8-0 

5-0 

3-5 

2-0 





-f- 62 to -f- 77 


19 

<1-0 

15 

10-5 

3-0 

2-0 

3-0 

2-0 





+ 77 to 4 - 96 


30 

<1-0 

15 


4-0 

2-5 

3*0 

2-0 


I.S.E. 


200 c.c. 25% 

— 27to + 0 

80 


2-0 

14 

7*5 

Biffl 

6-0 


3*0 




glucose in 

0 to -f 2S 

7*5 


— 

12 

6-0 

HlBIl 



3-0 




oranire juice 

+ 2S to + 40 

7^ 

74 

— 

12 

6-0 

Biifi] 

^1 


5-0 





+ 40 to 4- 60 

60 

49 

<1*5 

17 

7-0 

BEIJ 

5*0 


3-0 

11 

I.S.E. 

195 

so c.c. FeSOj 

— 37 to 0 


_ 


32 



4-5 

14-0 





6oln.(= ig. 

0 to -f -2 

5*5 




30 

11-0 

44-0 







iron) at 0' 










12 

I.S.E. 

210 

80 c.c. ferric 

— 60 to — 27 

3o 

16 


37 

9-0 

23-0 

8-5 

16-01 

4-0 




ammonium 

— 27 to 4- 12 

60 

19* 

— 

29 

11-0 

31-0 

12-0 

SO, 

3-5 




citrate soln. 

4- 12 to 4- 40 

5*5 

68 

— 

40 

15-0 

25-0 

10-0 

17-0, 

6*5 




( = Jg. uon) 

40 to "T” 7 1 

5'0 

15 

— 

34 

11-0 

23-0 

7*5 

11-0 

3-3 




at O' 

4- 77 to 4-101 

so 



— 

30 

17-0 

20-0 

11-0 

10-0 

0*0 





4-101 to 4-125 

s-5 

10 



27 

15-5 

30-0 

17-0, 

11-0 

6*5 




Colic -f 76 to ; -f 125 to -f 160 

6-0 


1-0 

28 

11-0 

23-0 

S*o j 

12-0 1 

4-0 


■ 


+ 95' 









1 
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TABLE VI. 


The total enzyme output in the juice secreted by isolated 10 cm. segments at different levels of small 
intestine in the same individual, in response to similar stimuli. 


Subject. 

Segment 
depth 
in cm.. 

Nature of stimulus to secretion. 

Enzyme units per minute. 

Invertase 

Lipaso 

Erepsin 

L.M. 

120 

Air run in and out of isolated 
segment. 

47-0 

1-0 

9-0 


160 

Air run in and out of isolated 
segment. 

36-0 

0-6 

60 

L.M. 

105 

50 c.c. saline inserted above iso- 
lated segment. 

320 

7-0 

11-0 


160 

80 c.c. sab'ne inserted above iso- 
lated segment. 

21-0 

0-6 

30 

L.M. 

135 

300 c.c. water by mouth. 

940 

2-0 

11-0 


160 

360 c.c. water by mouth. 

19-0 

2-5 

3-5 


160 

500 c.c. water by mouth. 

27-0 

1-0 

3-5 

L.M. 

130 

Egg in milk by mouth. 

64-0 

12-0 

60 


160 

The same, with local stimulation 
by air. 

360 

1-5 

60 

L.M. 

105 

30 c.c. 6% glucose solution inserted 
above segment. 

28-0 

2-6 

7.5 


135 

16 c.c. 5% glucose solution inserted 
above segment. 

11-5 

2-5 

30 


135 

15 c.c. 10% MgSO« solution inserted 
above segment. 

12-0 

2-0 

3-0 

r.s.E. 


Cblfc. 

19-5 

9 -5 

11-5 



Colic. 

11-0 

4-6 

2-5 


■■ 

CJolic. 

17-0 

17-0 

6-5 

I.S.E. 

135 

100 c.c. 10% glucose by mouth. 

17-0 

100 

2-5 


160 

200 c.c. 25% glucose by mouth. 

7-0 

5-5 

6-0 


stimulation occurring with all the substances investigated. In Observation 7 
administration of a meal of eggs and milk to L.M. neither increased fxnther 
the secretion induced by local mechanical stimulation vdth air, nor prevented 
the fall in enzj^me output with continued stimulation. In Observation 1, 
colic was associated with a similar degree of stimulation to that induced by 
food, in each case marked. In Observation 3, a spontaneous flow of juice 
dovm the intestine above the segment (-33 to -22 min.) was associated with 
an increase in output from the segment comparable to that occurring later 
in the same experiment on administration of water by mouth, and in 
Observation 2 of egg and mfllr. Under the conditions of the experiments 
food rapidly entered the intestine from the stomach, and some usually 
reached a level just above the segment within 10 minutes. It was not 
possible therefore to study any effect before this occurred. An increase 
in flow from the segment might precede by 1 to 10 minutes the arrival of 
food substances above the segment, but could always be taken as a definite 
indication of the ^occurrence of the latter within that period, and probably 
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TABLE VU. 

The effect of the infection of O-o m^. hietamine phosphate on the volume, total enzyme output, and 
enzyme concentrations of the juice secreted by an isolated segment of intestine, and on the volume 
of juice coming down the intestine above the segment. 


Obaorvation. 

Subject. 

•4J 

cu 

S 

S e 

£ 1 
tc " 

«> e 
CG-S 

Secretion time, of 
snmplo in min., 
mlntivo to injection 
of Iiiatnmino. 

Flow from sogmont, 
in 0 . 0 . per 15 min.. 

Plow from nbovo aog- 
mont in o.c. porl5min. 

Invortflso units 
per 1 0 . 0 . juice. 

Iiwortnso units 
por min.. 

6 

.2 

m 

*£ o 

55 6 

b. 

Liprtso units 
por inin.. 

6 

.2 

^ .»-» 

£ 2 
c ° 
'S 

P* t. 

aS. 

*5 . 
c*- 

P ^ 
C. 

DinstnBo units 
por 1 0 . 0 . juice. 

03 

O 2 

SC .S 

il 

5 8. 

1 

E.C. 

105 

— 55 to — 5 

1-5 

2 

238-0 

26-0 

17 

2-0 

46 

50 

90 

BBI 




— 6to + 41 

2-0 

0 

172-0 

22-5 

17 

2-5 

34 

4-5 

4*5 






2-5 

2 

142-0 

24-5 

8 

1-5 

35 

60 

6-0 





+ 70 to + 86 

50 

14 

— 

— 




— 


Bj 

2 

J.WX 

116 

— 22 to — 10 

11-5 

22 

MM 

170 

7 

6-0 

8 

7-0 


6-0 






0 


16-5 

6 

4-5 

8 


6-0 

3-5 




+ 3to + 31 


0 

B3Si] 

13-5 

6 

30 

7 


5-0 

2-0 




+ SI to J- 65 

10-5 

6 


— 


— 


— 

— 



3 

I.S.E. 

135 

— 26 to — 7 

8-5 

2 

30-0 

■RM 

25 


7 

4-0 

0-7 

0-5 




— 7 to -f 17 

9-0 

15 

330 

vflllj 

27 

16-5 

6 

3-5 

<0-7 

<0-5 




+ 17 to + 38 

9-5 

26 

20-0 

■rsu 

32 


8 

5-0 

<0-7 

<0-0 




+ 38 to 4- 64 

10-0 

5 

300 


20 


11 

^raii 

<0-7 

<0-5 




+ 54 to -b 69 

120 

33 

32-0 

20-0 

21 

17-0 



<0-7 

<0-5 




+ 69 to 4- 93 

90 

26 

20-0 

12-0 

17 



HIsSl 

BQivl 





93 to 

13-0 

22 

330 


17 

15*0 

8 

mm 



4 

T.S.E. 

140 

— 31 to — 11 

8-5 

9 

26-5 

150 

14 

so 

6 

3-5 






— 11 to 4- 8 

7*5 

10 

23-0 

11-5 

7 

3-5 

13 

60 

. — 






4- 8 to 4- 54 

7-5 

18 

250 

12-5 

11 

0*5 

6 

30 

. — 






4- 54 to 4- 85 

9-5 

11 


17-5 

10 

6-5 

12 

7*5 

— 

— 




“f- 85 to “f*109 

8-5 

31 


16-5 

10 

0-5 

6 

3-5 

0-3 

0-1 




4-109 to 4-125 

8-5 

57 

32-5 

18-5 

3 

1-5 

18 


“ 

— 

5 

I.S.E. 

160 

— 40 to — 15 

6-0 

6 

37-5 

15*5 

10 

4-0 

8 

30 






— 15 to 0 

60 

2 

32-5 

13-0 

10 

4-0 

9 

3-5 







0 to "T" 36 

5-5 

33 

350 

130 

10 

3-5 

11 

4-0 

8-0 

30 




4- 36 to 4- 51 

9-5 

11 

190 

12-0 

a 

7-0 

9 

5*5 

— 






4- 51 to 4- 78 

8-5 

44 

17-5 

10-5 

10 

5*5 

8 

5-0 

2-0 

1-0 




-j- 78 to -{-107 

80 



7-5 

11 

6-0 

6 

3-5 

— 

— 

0 

L.M. 

125 

— 15 to — 7 

6-5 

3 

430 

19-0 

8 

3*5 



_ 





— 7 to 4- 23 

0*0 

6 

50-0 

190 

3 

1-0 



— 







“1“ 23 to 30 

K&] 

25 

- 

— 

6 

1-5 



— 









3-5 


! 

— 

— 

— 

— 

— 

— 

— 

7 

L.5I. 

195 

— 30 to — 15 

50 

1 

_ 

_ 










— 15 to 0 

2*5 

3 




— 

— 





— 

— 




Oto 4- 15 

2-0 

0 

— 

— 

— 







— 

— 




“f” 15 to -f- 30 

1-5 

0*5 

— 

— 

— 



— 

— 

— 

— 




4- 30 to 4- 45 

0-5 

0-5 j - 
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only occurred when food was already entering the intestine. It was associated 
■ndth increased motor activity of the intestine, and coho sometimes developed 
at that time (observations in which the latter occurred have been excluded 
from the results quoted). The possibility that the various substances 
administered induce their effects by producing some common stimulant 
cannot be excluded, but it would seem likely that were this the case greater 
quantitative differences in response would have been encountered. In 
view of the demonstration above of the similar degree of the effect of remote 
mechanical stimuli, therefore, it is considered that the results obtained 
may be explained as being associated with the mechanical and motor stimuli 
involved in the actual passage down the intestine of the solutions and food 
substances, though a chemico -hormonal mechanism in addition cannot be 
excluded definitely. 

The effect of infecting histamine on the secretion of juice by the small intestine. 

Changes in secretion from the isolated segment following the injection 
of 0-5 mg. histamine phosphate were never large (Table VII). There was a 
definite tendency for some increase of both volume and total enzyme output 
from the segment to occur ; this might be preceded during the first 30 
minutes or so by a fall. The same in general applied to the volume of 
fluid coming down the intestine above the segment. FoUoning the injection 
the pylorus seemed often to shut down temporarily, opening again later to 
admit gushes of gastric contents into the intestine, this being in agreement 
with the findings of IMfiler and Abbott (12). It is felt that the small changes 
in secretion from the segment which occurred were related not to any specific 
action of the histamine, as is the case with the gastric secretion, but to 
mechanical stimuli involved in the passage of the gastric contents down the 
intestine. 

The secretion of diastase in the juice of the s7naU intestine in response to various 

stinndi. 

It was shown in a previous publication (19) that the pure juice of the 
small intestine, obtained by the method of intestinal intubation, i.e., under 
the influence of mechanical stimulation, contains only an insignificant 
amount of diastase, usually 1/500 to 1/2000 that contained in the same juice 
mixed ndth pancreatic and other secretions in the proportions which normally 
exist in the small intestine. It was possible however that under other 
conditions this amount might attain significant levels. During the present 
investigations such an increase has been encountered in no instance, whether 
the diastase was studied during local or remote mechanical or chemical 
stimulation of the intestine, after food, or after the injection of histamine. 
In the case of the other enzymes studied variations in total output have 
tended to be associated with changes in volume flow rather than in enzyme 
concentration, and variations in diastase secretion of similar magnitude are 
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not excluded by the above results. A far greater increase than this -irould be 
necessai^’', hov’ever, were the diastase output to reach a significant level, and 
such did not occur. In view of the relatively great effect of the smallest 
leakage into the segment on the diastase values it was not considered 
profitable to follow quantitatively such small changes as possibly occurred. 
No evidence has been obtained therefore for any condition in which the 
diastase of the juice of the small intestine can be considered to play any 
significant part in the normal digestive processes. 


SUMMABY, 

1. Local mechanical stimuli are effective augmentors of the volume 
and total enzyme output (invertase, lipase and erepsin) of the juice of the 
small intestine. The response spreads beyond the actual location of the 
stimulus. 

2. There is an increase in the volume and total enzyme output in 
association with colic. 

3. No specific effect upon the secretion of juice by the small intestine 
lias been found for physiological saline, carbohydrate solutions, N/10 or 
N/20 hydrochloric acid, bile salts, or mixed mtestinal juice, whether inserted 
locally into the segment of intestine studied, or into remote parts of the 
small intestine. 

4. Local irritants (e.g., acid and iron salt solutions) and hypertonic 
solutions induce an increased output of fluid and of mucus. Hypertonic 
magnesium sulphate solution leads to an increase in total enzyme output. 
N/10 and N/20 hj^drochloric acid are rapidly neutralized in the intestine ; 
the}’^ irreversibly inactivate all the enzymes studied, and do not increase the 
total output of active enzyme. 

0 . Oral administration of water, glucose solutions, eggs and milk, 
and of solutions of iron salts induces an increased volume, and total enzyme, 
output from the segment. 

6. Injection of histamine causes a temporary faU, followed in up to 
30 minutes by a slight rise in volume, and in total enzyme, secretion from the 
segment. Tliis is not considered specific in nature. 

7. The secretion of juice in response to a given stimulus is greater at 
higlier than at lower levels of the small intestine. 

8. No evidence has been obtained for a specific chemico-hormonal 
mechanism, bj" means of which the secretion of small-intestinal juice is 
regulated in relation to the digestive processes. 
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THE EFFECT OF LARGE DOSES OF IRON ON THE ABSORPTION 

OF PHOSPHORUS.* 


By JOHN FLEMING BROCK. 

{From the Deparlment of Medicine, University of Cambridge, and the 

London Hospital). 


It has been shown (Brock and Diamond, 1934) that a diet which allows of 
normal development in 3mung rats can be rendered rachitogenic by the 
addition to it of large quantities of iron. This effect was observed with 
ferric, ferrous and scale preparations. The amount of iron actualij’^ ingested 
bj' the rats is unknown, but the ratio of iron to phosphorus was 1-5. When, 
by the addition of extra dibasic sodium phosphate to the diet, this ratio was 
reduced to 0-8, rickets did not develop. It was concluded that the rickets 
was consequent on a state of phosphorus deficiency resulting from the 
precipitation by iron of insoluble phosphates in the intestine. 

It seemed important to discover whether the large doses of iron used 
in clinical medicine could interfere with the assimOation of phosphorus in 
the human bodJ^ ]\Iinerai balance studies were, therefore, undertaken on 
patients with this object. Several difficulties were encountered which have 
an important bearing on the whole principle of mineral balance experimenls, 
and which if ignored may lead to fallacious results. These difficulties are 
discussed later. 

The organisation of a metabolism ward and the importance of rigid 
control of patients and collection of the samples have been full.v dealt with 
bj"^ Bassett, Eldon and McCann (1931) and need not be dealt with here. 

Pla}i of experiments. 

Three-day metabolism periods were used. The patient was put on a 
constant weighed diet which was cooked with distilled water in aluminium 
vessels, and was given a few daj^s on the diet before the collection of samples 
began. Millet seed was used for marking off the stool periods since carmine 
is obscured when the stools become black with iron. The jmtient was 


• The work hero dcBcribed was conducted in tlie Metabolism Ward at the London Hospital 
during the tenure by the author of the Leverhuhne Ecscarch Scholarship of the Boj^l College of 
Phj’sicians and of the Walter Dixon Ecscarch Scholarship of the British Medical Association. 

The attthor expresses his appreciation to Dr. Donald Hunter for help end adrace and to 
Miss Bose SimmondB for her supervision of the cases in the Metabolism Ward, and to Mr. K. G. 
Bowler for a great deal of arduous work in connection with the analvEcs. 
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allowed as mticli distilled water as lie desired to drink. In the case of an 
experiment starting on a Monday the following method of dividing the 
metabolism periods was used. After a few preliminary days on the diet, 
two teaspoonsful of millet seed were administered at 8 p.m. on Simday 
evening. The urine for the jSrst period was collected from 6 a.m. on Blonday 
to 6 a.m. on Thursday, The first stool containing millet seed was discarded 
and subsequent stools put into the collection jar for the first period. Millet 
seed was administered again on Wednesday evening and the first stool 
containing millet seed was put into the jar for period 1 and subsequent 
stools into the jar for period 2. The stools in the first jar were regarded as 
representing the residue of the food and any drugs administered during the 
three days, Monday to Wednesday. 

Under these conditions, even in the absence of drugs, considerable 
variations in the weight of mineral ash in the stools was found from period 
to period. (See Stage 1 in Table I and Fig. 1). Aperients were avoided 



Fig. 1. '"Weight of mineral ash in stools as influenced by large doses of iron given in stage 2. 
Each column represents a three-day period, and in stages 1 and 3 tlie average per period is 
represented by a dotted line. Diagonal-hatching represents unabsorbed iron expressed as 
Fe. The amount of unabsorbed iron in stage 2 if expressed as Fe.Oj would be extended 
downwards to the dotted lines in that stage. 

whenever possible, and when these were necessary cascara made up in distilled 
water was used. It was found impossible under even the most rigid super- 
vision to obtain a constant weight of mineral ash in the stools over a consecu- 
tive series of periods. As soon as minerals, such as iron, were administered 
therapeutically even wider fluctuations occurred. The first somce of 
fallacy is in this dif&culty. Comparisons of the excretion of any element 
in the stools as between individual three- or even five-day periods mean 
nothing at all. Three riiree-day periods were found to be the minimum 
basis for comparison, and the weight of mineral ash should always be 
recorded. 
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Anahjlical methods. 

The method of preparing the stools for mineral anatysis has been 
described elsewhere (3). By this method the mineral salts left ‘after dry- 
ashing are in solution in approximate!}’' 20% hydrochloric acid. Phosphorus 
was determined in these solutions by the gra'vdmetric magnesium 
pjTophosiJhate method, and calcium by the method of McCrudden (1909). 

Phosidiorus "n^as determined in the urine, wliich was preserved by the 
addition of h 5 ’'drochloric acid and chloroform, by the uranium acetate 
method (Peters and van Sl 5 '^ke, page SGI). Calcium was determined in the 
urine by the method of McCrudden after the urine had been treated with 
ammonium persulphate (Shohl and Pedley, 1922). 

Resxills. 

Brief clinical details of the five cases studied are given in the appendix. 
Two of them (Cases 20 and 21) were typical cases of iron deficienc}’- anjemia. 
In the other three there was no reason to suspect a state of iron deficiency. 

In each case the metabolism test was divided into three stages. A 
fixed diet was allowed throughout the whole test. In the first stage, 
consisting of three or four metabolism periods, no iron was administered. 
During the next two or three periods large doses of iron were administered, 
and in the third stage, consisting of two or three periods, the iron tlierapy 
was discontinued. These three stages will be referred to as the “ pre-iron,” 
“ iron,” and “ post-iron ” stages. 

In Table I the results of one case are given in fuU, and in Kg. 1 the 
weights of mineral ash for each period in the same case are shown in the form 
of blocks. In Table II the results of the five cases are summarised. Kg. 1 
shows that the mineral ash weight is markedl}’’ increased in the stage when 
iron is being administered, and that the weight of unabsorbed iron, whether 
expressed as iron or as ferric oxide, does not account for the Avhole of the 
increase. It might be argued that the increase is merely due to intestinal 
hurry consequent on the commencement or iron therapy. If this were so, 
however, the increase should be compensated for by a reduction of the amount 
of mineral ash in the post-iron stage as compared with the pre-iron stage. 
Actually the average weight for the first and third stages, expressed b}’- the 
dotted line, is equal. In Fig. 2 the average weight of mineral ash per period 
of each stage is expressed as a block. The five cases are illustrated 
separately and finally averaged. In only one case (No. 21) is there evidence 
of intestinal hurry in the form of a low average weight in stage 3 as compared 
vdth stage 1. In this case the iron had a laxative effect. Fig. 2 shows that 
in each case the administration of ii’on in the second stage led to an increase 
in the weight bf mineral ash, and that this increase was in no case accounted 
for more than^artiaU}’^ by the weight of unabsorbed iron. 



IRON AND PHOSPHORUS ABSORPTION. -il 

In view of the findings previously reported on rats, the question arises 
whether part of this rise in mineral ash weight as a result of iron therapy 
can consist of phosphorus which has been precipitated as ferric phosphate 
and so not absorbed. In Fig. 2 the faecal phosphorus in stages 1 and 2 is 
depicted for each case by transverse hatching. It is expressed as 
because Fe^Os + PoOs = 2Fe PO 4 . It is evident that in each case there is 
an increase in faecal phosphorus in the iron stage. In Case 21 the unabsorbed 
iron expressed as FeoOj and the increase in fecal phosphorus expressed as 
P 0 O 5 account for almost the whole of the rise in mineral ash weight in the 
iron stage. In the other four cases, however, FejOj and P 2 O 5 together 
account for only a part of the increase. When the five cases are averaged 
it is found tliat the increase in mineral ash as a result of iron therapy apart 



Fig. 2. The effect of large doses of iron on the weight of mineral ash in the stools per stage. 
Five cases individually and averaged (Av.) Diagonal hatching represents unabsorbed 
iron expressed as Fe.Oj. 

Tmns\-erse hatching represents phosphorus in the stools expressed as P. O 5 . Tlie 
three columns in each case represent the average weight per period in the three stages. 


/row! the weight of unabsorbed iron is 29%, (or 3-94: grains per period). 
This includes an average increase of 39% in the fecal phosphorus. If the 
unabsorbed iron is expressed as Fe^Oj and the fecal phosphorus is reckoned 
as PjOj the unexplained increase in fecal mineral ash amounts to an 
average of 2-77 grams per period. The increase is not due to calcium for the 
increase in fecal calcium in the five cases averaged only 0-4% or 0-lS grams. 
It is usually taught that tlie black colour of the stool of a patient on iron 
therap}' is due to iron sulphide, and it would be interesting to know if am’ 
part of the unexplained increase in mineral ash is due to extra sulphur 
which has been transformed into sulphate. Unfortunately the method of 
treating the stools in preparation for analysis allows of loss of sulphur, so 
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TABLE n. 


Mineral balance figures for 5 cases. The three stages are before, during and after administration 
of iron. Figures represent averages per period of each stage. 




Dietai^' intake 


1 

! 









per period. 

Iron administered. 

M.A. 

Ca 

1 

» 

Fe 

Case 

Stage 





Mg. 







No. 


Ca. 

F 

Fe 

Clinical dose 

per 

F 

F 

U 

F 

U 

F 






per day. 

period. 







13 

B 

C-9 


30 



15-5 

3-09 

0-85 

m 

3-70 

37 


2 

>> 

■I 

>> 

Beduced iron 

7179 

28-2 

3-30 

1-03 

1-88 

3-77 

6453 






135 grains 









3 

f > 

D 

99 


1 

15-3 

2-82 

0-92 

1 

1-30 

3-90 

503 


B 



18-6 


1 

8-9 

1-83 

0-34 

1-01 

0-93 

14 

16 

2 



99 

Iron and ammo - 
nium citrate 
120 grains j 

5375 

20-9 

2-13 

1 

0-31 

1-30 

1-00 

4785 


3 



99 

1 

1 


8-9 

1-95 1 

j 

0-28 

1-08 

0-97 

76 


B 

C-0 

5-9 

72 



19-1 

4-20 

0-09 

2-50 

2-67 

. 34 

18 

2 

99 

99 

■ 

Iron andommo- 
nium citrate 

SO grains 

6000 

30-7 

4-94 

0-63 

302 

2-16 

5355 


3 

99 

99 

B 


18-5 

4-89 

0-65 

2-03 

2-58 

195 


B 

4-4 

50 

35 



9-8 

2-31 

0-53 

0-93 

2-78 

23 

20 

2 

99 

99 

99 

Blaud’s piU 

120 grains 

2752 

18-0 

2-42 

0-49 

1-34 

1-99 

1556 

582 


3 

99 

99 

99 


14-9 

2-76 

0-69 

1-47 

2-78 

n 

B 


4-14 

35 



13-5 

! 

2-20 

0-62 

0-72 

2-93 

28 

B 

2 

99 

99 

99 

Iron and ammo- 
nium citrate 

90 grains 

3660 

20-6 

2-38 

0-59 

1-92 

1-63 

3140 

n 

3 

99 

L 

99 


8-5 

2-09 

0-51 

0-83 

3-10 

45 


Calcium and pln^horus figures in grams. Iron figures in milligrams. 
M.A. = grams of i}>^eral ash in faices ; F = fteces ; U = urine. 


tliat tliis point could n'&t be settled. For what it is worth, however, analysis 
of a few of the stools smwed very much greater sulphur content in the iron 
stage than in the pre-iro\ stage. 
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It is of practical importance to know if the observed increase {averaging 
39%) in fecal phosphorus as a result of iron therapy is suiScient to cause 
a negative phosphorus balance. The phosphorus balance is shown in Fig. 3. 
In Case 13 the small increase in fecal phosphorus merely decreases a large 
positive phosphorus balance. In Cases 18, 20 and 21 the increase in fecal 
phosphorus is compensated for by a decrease in urinary phosphorus. It 
may seem strange that these patients had such large positive phosphorus 
balances, but probably the reason for this is that they come from homes 
in which they had lived on poor or inadequate diets and were placed in 
liospital on diets which were high in phosphorus. 



I6B 



Fig. 3. The effect of iron on the exchange of phosplionrus. Five cases indmduallj-. In each 
case the two columns represent average weights per period of the first and second stages. 
Diagonal hatching represents phosphorus in the stools, and transverse hatching phosphorus 
in the urine. Tlio dotted line represents the intake of phosphorus. 


In Case 16b, however, the diet was markedly deficient in phosphorus 
so that the patient was in negative balance in the control period. In this 
case the administration of iron caused the negative phosphorus balance to 
become more markedly negative. 

Discttssiok. 

It was pointed out in the first paragraph of this paper that the 
administration of large doses of iron to rats led to phosphorus deficiency 
rickets when the ratio of iron to phosphorus in the food was a high as l-o. 
The addition of extra phosphorus to the diet sufficient to reduce the ratio 
to 0-8 alwaj's prevented rickets. In the five human cases studied by balance 
experiments it is apparent that iron therapy does increase the fecal phosphorus 
output, and it is presumed that, as in the case of the rats, the mechanism 
at work is a precipitation of phosphorus in the intestine by the iron. 
Provided, however, that the phosphorus content of the diet is adequate, 
there is no danger of producing a state of phosphorus deficiency. In four 
cases with ratios of iron to phosphorus up to 1-0 in the intake the effect on 
the phosphorus balance was negligible. It is obvious, however, from Case 
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16b that there must be a critical level of phosphorus intake below which 
iron therapy can convert a positive phosphorus balance into a negative one. 

Large doses of iron have, however, so thoroughly proved their value in 
clinical medicine that there is no reason to abandon them. It may be 
possible to show in the future what constitutes the unexplained portion of 
the rise in faecal mineral ash resulting from iron therapy, but in the meantime 
large doses of iron should undoubtedly be used, wherever the^^ are needed, 
provided care is taken to see that the intake of phosphorus is optimal.* 


SUMMABY. 

1. The results of calcium, phosphorus, and iron balance studies on 
five patients treated Avith large doses of iron are presented. 

2. In the five cases there was as a result of iron therapy an average 
increase of 29% in the fecal mineral ash, exluding the weight of unabsorbed 
iron. 


3. Part of this increase was due to an average increase of 39% in the 
fecal phosphorus. 

4. It is suggested that an increase of fecal sulphur may have been 
responsible for another part. 

5. F?ecal calcium was not increased. 

6. The mechanism of the increase in fecal phosphorus is believed to 
be the same as that which causes iron rickets in rats, namely a precipitation 
of phosphorus as insoluble ferric phosphate in the intestine. It is believed, 
however, that there is very little risk of producing phosphorus deficiency in 
man, provided the phosphorus content of the diet is adequate. 


CLINICAL DETAILS OE CASES. 

Case 13. Male, aged 21 years. A case of disseminated Bclerosis of three years duration. Blood 
count : r.b.c., 5,130,000. Hb. 98%. w.b.c., 8,220. 

Case 16b. Female, aged 14 years. Convalescent from acute rheumatic fever. Tlie patient 
had had a hcemoglobin of 67% 3 months previously and had had iron therapy for six vreeks about 
a month before the experiment. At the time of the experiment her blood coimt was : r.b.c., 
6,000,000. Hb. 86%. w.b.c., 6,400. 

Case 18. Male, ^ed 7 years. Convalescent from pleurisy with effusion. Blood count : 
r.b.c., 6,000,000. Hb. 87%. w.b.c., 7,200. 


* The fate of the administered iron as determined by balance experiments is discussed 
elsewhere (Brock and Hunter, 1937). 
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Case 20. Female, aged 30, aingle. A case of idiopathic hypochromic ansemxa. 

Bluish Bclerotics. Normal tongue and finger nails. 

Satisfactory dietary history and no record of excessive loss of blood : 

Blood count : r.b.c., 3,460,000. Hb. 45%. C.I., 0-68. w.b.c., 3,800. 

Test meal: No free HCl in first IJ hours. After histamine, free HCl 0-25%. 

Satisfactory response to iron therapy. 

Cose 21. Female, aged 38, single. A case of idiopathic hypochromic ansemia. Dietary liistory 
aatisfactorj". No excessive blood loss. Djaphagia and brittle finger nails. Slight marginal 
atrophy of tongue. 

Blood count ; r.b.c., 3,600,000. Hb., 45%. 

Test meal; No free HCl in first IJ hours. After histamine, 0-16% free HGl. Satisfactory 
response to iron therapy. 
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OBSERVATIONS ON A CASE OF FA]\I[LIAL PERIODIC 

PARALYSIS.=>= - 


By R. S. AITKEN, E. N. ALLOTT, L. I. M. CASTLEDEN^f and 

llARY WALKER. 

{From 8t. Leonard’s Hospital, L.C.C., The Group Laboratory, Lewisham 
Hospital, L.C.C., and the Department of Medicine, British Postgraduate 
Medical School, Hammersmith Hospital). 


Although familial periodic paralysis has been known and studied for over 
fifty years, the cause of the disease and the mechanism whereby the paralytic 
attacks are produced have remained obscure. The patient on whom the 
observations here recorded were made showed nearly all of the characteristic 
features of the condition. 


Case record. 

S.P., male, was born in London, in 1914, of English parentage. He says 
that his father suffered from periodic attacks of paralysis from the age of 
14 until his death of pneumonia at 63, the attacks becoming less severe in 
later h'fe ; and that his father’s father had similar attacks. His mother 
can give only vague confirmation of this statement. No other children of 
his father are known. His childhood was healthy ; he was normally 
intelligent at school, but a little clumsy at games. From the age of 14| 
onwards he experienced attacks of paralysis at irregular intervals of several 
weeks. For some years he was regarded either as a h^vsteric or as a malingerer, 
by his mother and his step-father, by doctors who saw him, and by those 
under whose charge he was placed in a reformatory school ; he was treated, 
he says, with considerable severity, and has since been erratic in his 
general behaAiour, subject to periods of mental depression, and incHned to 
act impulsivel 3 ^ At Guy’s Hospital in 1935 his condition was recognised 
as familial periodic parah’sis and he has frequented various hospitals in and 
near London since then. 


* These observations were commnnicated to a meeting of the Medical Research Sociefv on 
pccombei the 1 1th, 1936 ; and are published with the permission of the Medical OfEcer of Health, 
London County Cotmcil. 

t M orking under a grant from the Sfcdical Research Council. 
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The figures are all udthin normal limits except the serum potassium 
value dvuing an attack, which is low (approximate normal range is 16-20 mg. 
per 100 C.C.). In another similar attack the serum potassium value was 
found to he 12-6 mg. per 100 c.c. compared with 17-8 mg. per 100 c.c. in an 
interval.* 

The patient then insisted on leaving the hospital, but was re-admitted 
in April-May, 1936, when he experienced an unusually severe spontaneous 
attack, lasting about 53 hours. Blood examinations gave the results shown 
in Table II. 

The patient next came under observation (M.W.) in St. Leonard’s 
Hospital in June, 1936, when a spontaneous attack was observed. Since 
an abnormally low serum potassium level had been found during attacks 



Fig. 1. Blood sugar and seruiu potassium during an attack of paralysis induced by orally 
administered glucose. 


on three occasions, administration of potassium by mouth was tried. 
12 g. of potassium chloride were given in water, when the attack had lasted 
about 16 hotu’s. The affected limbs began to regain their power in 10 
minutes and in an hour had returned to their normal state. A similar effect 
was obtained in an induced attack, the details of wliich, with blood sugar 
and serum potassium curves, are given in Fig. 1. It was also shown that 
both Isevulose and carbohydrate in the form of water biscuits are as effective 
as glucose in inducing attacks. 

In August, 1936, tl\e patient was admitted to Hammersmith Hospital 
under the care of two of ^s (R.S.A. and L.I.1\I.C.), and further investigation 
became possible. The induction of an attack by glucose was repeated 
(Fig. 2), and the attack was terminated within an hour or two of its onset 
by 12 g. of potassium chloride given oraUy. The values plotted in Fig. 2 


* These preliminary findings were recorded in a letter to The Lancet, 1935, 2, 47. 
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for serum calcium and serum magnesium show again that these ions undergo 
no change in concentration at all comparable with the potassium changes. 

Although glucose administration induces attacks, the blood sugar levels 
recorded above are not abnormal. The only abnormality that we have 
detected in carbohydrate metabolism is a tendency for the fasting blood 
sugar level to be low and a slightly increased “ tolerance ” for glucose as 
shown by this test : blood sugar fasting, 66 mg. per 100 c.c. ; at half-hour 
intervals after 50 g. glucose by mouth, 84, 101, SO, 73 mg. per 100 c.c.. 
Sugar was absent from the mine during the test, and has not been found 
in any of the numerous specimens examined at other times. It was clear 
that the rise in blood sugar level which occurs after 250 g. glucose is given 
by mouth does not by itself cause paralysis, but it was conceivable that it 



Fig. 2. Serum potassium calcium and magnesium during on attack of paralysis induced by 
orally administered glucose. 


might, in trigger fasliion, start a sequence of events leading eventually to 
paralysis. To test this possibility 40 g. of glucose in 20% solution were 
given intravenous]}' at 9 p.m. at a rate judged sufficient to raise the blood 
sugar level to 200 to 300 mg. per 100 c.c.. The patient slept from 10 p.m. 
till 12.30 a.m.. No weakness or paralysis developed. 

The alternative hypothesis, that post-hjqjerglycsemic hypoglycsemia 
might be resijonsible not directly but indirectly for the development of 
paralysis, was suggested by the fact that the glucose-induced attacks did 
not visually manifest themselves until about 5 hours after the glucose had 
been given. To test this, 20 units of insulin were given subcutaneously 
at 11 p.m. after a day of normal meals. The patient slept, but Avoke at 
midnight with mild hypoglycemic sAunptoms, including hunger ; a nurse 
gave him water and bread and butter, and he slept again, to wake at 4.30 
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a.m. with paralysed limbs. Details of this experiment are given in Fig. 3, 
which shows the typical fall in serum potassium level, and the usual rapid 
return to normal accompan 3 dng the abolition of the paralysis by potassium 
chloride. The blood sugar level was no doubt low at midnight, but had 
returned to normal, b,y the time the patient woke paralysed. 



P.M. 10 II 12 I 2 3 4 5 6 7 8 9 A.M 


Fig. 3. Blood sugar and serum potassium in attack induced at night by insulin. 



Fig. 4. Blood BU^ti^nnd serum potassium in an attack induced by insulin in the day-time. 

Fig. 4 gives ^jhe result of a similar experiment carried out in the daytime, 
the patient lying 'quietly in bed and having no food except half a pint of 
m ilk at 6 a.m. Fallowing 30 units of insulin at 8 a.m. the serum potassium 
level fell progressively and when, between middaj’- and 1 p.m., it reached 
about 10 mg. per inonmnlftfp attack of paratysis developed. The 



FAMILIAL PEBIODIC PARALYSIS. 


53 


potassium level then rose slightly and the symptoms passed off spontaneously 
ihout 3 pm.. At 3.30 p.m. the patient rose, washed, dressed, and ate a 
generous tea. While he sat at table his legs became weak and he was carried 
jack to bed. A full attack of paralysis rapidly developed, and persisted, 
n spite of the administration of potassium chloride, until 11.30 p.m.. This 
s one of the only two occasions on which potassium chloride has failed to 
ibolish the paralysis within an hour. In a score or more of other attacks, 
spontaneous or induced, it has produced a typical recovery. The two 
ixceptions cannot at present be explained ; serum potassium figures during 
;he prolonged paralysis are not available m either case. . 

In two further experiments (Figs. 5 and 6) glucose by mouth and insulin 
mbcutaneously were given simultaneously in repeated doses. The experi- 
uents were made in the daytime, the patient having no food except half-a- 
[)int of milk at 6 a.m., and lying in bed throughout. In each case a marked 
fall of serum potassium level occun'ed Weakness of the Kmbs appeared 

TABLE nr. 


Blood sugar and serum potassium values during 24 hours mthout paralgsis. 


j 

1 Serum potassium 

1 mg, per 100 c.c. 

Blood sugar 
^ mg. per 100 c.c. 

]2 noon 

17-G 

SO 

3 p.m. 

17-2 

92 

fl p.m. 

lC-3 

87 

9 p.m. 

17-9 

113 

12 midnight 

15-S 

S4 

3 n.ra. 

18-1 

SO 

C n.m. 

lC-4 

GO 

0 n.m. 

17-3 

i 1 

GG 


when the potassium figure was about 12 mg. per 100 c.c. and increased to 
full parah'sis, the increase being more rapid in the case (Fig. 6) where the 
serum potassium fall was more steep. Prostigmin given subcutaneously in 
doses of I'O mg. and 2-5 rag., with atropine, had no effect on the paralysis. 

At this stage certain control observations are relevant. The patient’s 
scrum potassium values, apart from attacks, lie within the normal range 
(10 to 20 mg. per 100 c.c.). Thus the initial readings in IG experiments 
have lain between 15-2 and 20-7, average IS-75 mg. per 100 c.c., and values 
found at three-hourly intervals during a day when he had normal meals 
and sleep arc shown in Table III, 
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Discussion. 

We have found only one observation in past records suggesting a relation 
between serum potassium level and the development of muscular weakness 
in familial periodic paralysis.* Biemond and Daniels (1) recorded a value 
of 13-38 mg. per 100 c.c. in a mild spontaneous attack compared with 17-87 
mg. per 100 c.c. in an interval. They did not, however, appreciate its 
significance. The observations described above establish the relationship 
in this patient as a close and consistent one. When the serum potassitim 
level falls to about 12 mg. per 100 c.c. the muscular weakness begins to 
develop, and levels of 10 mg. per 100 c.c. or lower are associated with full 
paralysis. When the level rises again after potassium chloride has been 
given by mouth the muscular power returns pari passu. The neuro-muscular 



Fig. 7. A. Blood sugar and serum potassium iu a male subject aged 27 following tlie ingestion 
of 250 g. glucose. 

B. Blood sugar and serum {wtassium in a male subject aged 31 following tbe injection 
of 20 units of insulin. 


disturbance has been shown by electrical stimulation to lie peripherally. 
It must be supposed, therefore, that a lowered potassium concentration in 
blood and tissue fluids interferes with one or more of the following three 
processes : — (a) the passage of the nerve impulse along the fibre of the nerve 
concerned, (6) its transmission across the neuromuscular junction, (c) the 
response of the muscle fibre to the impulse reaching its motor end plate. 
We have no indication as to which of these processes is interfered with, 
except the negative inference from the prostigmin observations that the 
interference is not of the kind that occurs in mj*asthenia gra-ris. 

•M. S. Herrington (Jo!/r. Anicr. Aferf. 1937, lOS, 1339) has recently described the 
successful trentraent of incipient attacks, in two patients, o\-cr a period of 2 years, by 
ixdnssium citrate in 5 g. doses. 
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Further, it is not clear if a Ioav serum iJotassium level is the only factor 
required to produce paralysis. The neuro-muscular apparatus may itself 
be abnormal, as is suggested by Biemond and Daniels’ observation tliat 
some subjects of periodic paralysis developed in later life an atrophy of those 
muscles that had been most affected by paralysis. A neuro-muscular 
abnormality v'ould provide an easy explanation for the fact that paralysis 
occurs in limb and trunlv muscles onl}’-, sparing those of the head and face, 
but normal variations in the sensitivity of different 'muscles to Ioav potassium 
concentrations can equallj’- well be postulated. Moreover, there are a few 
records of serum potassium levels in man lower than 10 mg. per 100 c.c., 
following the injection of insulin, and no mention of paralysis accompanies 
them. Harrop and Benedict (3) found values of 9-4 and S-5 mg. per 100 c.c. 
in two diabetic patients, and Kerr (4) found 7-2 mg. per 100 c.c. in a diabetic, 
in both cases after insulin. 



Fig. S. Blood sugar and seruin potassium in a male subject aged 45 dm-ing repeated administra- 
tion of glucose and insulin. 


We have failed hitherto to reduce the serum potassium level in subjects 
other than the patient to 12 mg. per 100 c.c. or lower. The presence or 
absence of a neuro-muscular abnormality in the patient therefore remains 
undecided. On the other hand, a “ metabolic ” abnormality is strongly 
suggested, namely, an undue lability of the serum potassium level. The 
fact that \the action of injected insulin is accompanied by a fall in serum 
potassium level in man and animals has been known for many j’^ears (Harrop 
and Benedict (3) ; Briggs, Koechig, Doisy and "Weber (2) ; Kerr (4)), We 
have shown that a similar fall occurs after ingestion of glucose, vdth or without 
injection of ins^n, and that it can occur independently of hypoglycsemia 
(see Fig. 7a). T^is makes it unhlfely that the fall is part of a compensatory 
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physiological response to hypoglyesemia. The phenomenon is therefore 
better described as a fall in serum potassium level accompanying the passage 
of sugar out of the blood into the tissues. It is a normal phenomenon, but 
in this patient subject to periodic paralysis it appears to be exaggerated. 
That is his metabolic abnormality, so far as it can be defined at present. 


SmniARY. 

In a patient suffering from familial periodic paralysis the serum 
potassium level has been found abnormally lo-vr during paralytic attacks. 
The serum potassium level can be lowered to an abnormal extent by the 
administration of large amounts of glucose by mouth, by the injection of 
insulin, and especially bj’^ combined injection of insulin and ingestion of 
glucose. When it faUs below 12 mg. per 100 c.c. paral 5 ’'sis develops. 
Administration of potassium chloride b 3 ' mouth raises the serum potassium 
level and abolishes the paralysis. It is concluded that the fall in serum 
potassimu concentration, normally associated with the passage of glucose 
from blood into tissues, is in this patient abnormally great, and that lowering 
of potassium concentration either blocks neuro-muscular transmission or 
inhibits the contractile response in the muscles affected. 

APPEJCDIX. 

Tlio clicmical estimations, with the exception of the blood sugar \-alues recorded in Figs. 2-8 
and Table 3, were mado by E.X.A.. The following methods were used : — 

K : Cobalfinifrite precipitation, direct on serum (Kramer and Tisdall, J. Biol. Chem., 

1021, 46, 339). 

In all cases the serum was separated within an hour after withdrawal of the blood 
to ovoid any risk of potassium loss from the corpuscles. (See IVatchom and McCanee, 
Bioehem. Joum., 1933, 27, 1107). 

Xa ; Uranyl gravimetric method (Butler and Tuthill, J. Biol. Cliem., 1931, 93, 171). 

Ca : Precipitated as oxalate, and washed by Clark and Collip’s method, (J. BioL Chem., 

1923, 63, 401). 

Mg : Colorimetric magnesium ammonium phosphate precipitate. (P determined by Kuttner 

and Lichtenstein method). 

Cl : Oi>en Carius method (Van Slyke and Sendroy, J. Biol. Cliem., 1925, 58. 523). 

P : Colorimetric using stannous chloride as reducing agent (Kuttner and Lichtenstein, 

J. Biol. Chem., 1930, 86, G71). 

HCO, : CO. capacity method, using A’an Slyke rxdumetric apparatus (Van Slyke and Cullen, 
J. Biol. Chem., 1917, 30, 2S9). 

Piotcin : Microkjcldahl (Howe, J. Biol. Cliem., 1921, 49, 109). 

Urea : Colorimetric micro-uiease (Archer and Bobb, Quart. J. Med., 1925, 18, 27-4). 

Sugar : Schaffer-Hartmann (Harding’s modification of the Schafier-Hartmann method — 
Harding and Downs, J. Biol. Chem., 1933, 101, 487), or HagedomTlensen method 
(Biochcra. Z,, 1923, 135, 40), using unlaked capillary blood. 
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THE EFPECT OF ASPHYXIA AJSTD COCAINE ON NERVES 
BELONGING TO THE NOCIFENSOR SYSTEM. 

By THOSIAS LEWIS.* 

{From ihe Department of OUnical Research, University College Hospital 

Medical School). 


It has been recorded in a recent paper (4) that when a small fold of human 
skin is crushed in the tip of forceps, this injury may give rise to widespread 
hyperalgesia around the crush. The hyperalgesia is produced by the local 
action of a system of nerves, which, so it is concluded, belong to a hitherto 
undescribed system, being neither sympathetic nor sensory, and for which 
the name “ nocifensor S 3 ^stem ” has been suggested. The present observa- 
tions attempt to explore the characteristics of these nerves further by testing 
the effects of asphyxia upon them. 

Asphyxia and cutaneous nerve fibres. 

Six 3 *ears ago, in conjunction with Drs. Pickering and Rothschild (5) 
I recorded the march of events in the human arm, to which the circulation 
had been stopped. We showed that in this ischsemia nerve fibres supplying 
voluntarj' and involuntarj’ muscle, and various kinds of sensation, are affected 
after different intervals of time. Although we put fonvard proof, so I think, 
that this interesting and useful differentiation is the result of asphj’xia. 
Bishop and Ids collaborators (1) were inclined subsequentlj' to attribute the 
effects to direct pressure on the nerve trunks. But their view has been 
abandoned since, and oim conclusion that asphj’xia is responsible seems now 
to be accepted. Gasser and his collaborators (2, 3), having confirmed the 
relevant obsen-ations on man, have adopted our method to differentiate 
between different groups of fibres (classing them, however, according to then- 
conduction rates rather than according to their functions) in the nerve 
trunks of animals. 

The facts that we elicited and that are relevant at present are as follows. 
If the arm is kept at body temperature and the circulation is stopped bv 
pneniuatic pressure upon the upper arm, sensation is first affected at the 


* Work vindertakcii vritli tlio aid of tlio Medical Eescarcii Council. I gratefully acknowledge 
help that I have received in many of these observations from Dr. E. E. Pochin. 
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tij)s of the fingers in about 13 to 15 minutes. Numbness is noticed and tliis 
numbness spreads graduall}'^ up the fingers, liand, and arm until it reaches 
the upper arm in about 30 minutes. Impairment is ultimately followed by 
loss of sense of toirch, the latter following the former at a given level after 
an interval of about 5 minutes. It is clear that sense of cold, warmth, and 
j)ain are lost later than the sense of touch, and the order of loss is probably, 
touch, cold, and warmth and pain ; loss of pilomotor response, the only 
form of sympathetic nerve response so far tested, is long delayed. 

A simple but precise statement as to the order in wliicli the responses 
are affected is rendered difficult by the gradualness of the changes. When 
the hand has lost all sense of touch, it has also lost sense of deep pressure, 
so that coarse contacts remain unrecognised. Though the hand in this state 
is still capable of clearly appreciating cold, warmth, and pain, none of these 
three is at this time unaffected ; the loss of each of the three sensations is 
gradual, just as it is gradual in the case of touch. Thus, to take pain as an 
example, the immediate response to light pricks is not recognised so often 
at the stage when the skin of the hand has become anfesthetic as when it is 
normal, though a sharp stab vdth a needle is felt at once and invariabty. 
Regarding the first changes to light pricks as significant, then it may be said 
that pain sense is first recognised to become affected at or about the time 
M'hen the skin loses aU sense of touch ; it maj’’ be a little earlier than tliis, 
but it is never nearly so early in onset as numbness. Painful response to 
needle pricks is not lost altogether until very much later. Very similar 
statements may be made of cold and warmth ; both these senses fail gradually 
but both persist in some degree after sense of touch is lost. 

Asphyxia a?id the hyperalgesia reaction. 

Our first object has been to try and determine where in this range of 
cutaneous nerve change the hj’^peralgesia reaction displayed through nocifensor 
nerves falls out. Subjects have been chosen who give conspicuous responses 
to small crushes of the skin. The arm is rendered ischaemic in the usual way 
by pneumatic compression of the upper arm, the forearm and hand lying 
immersed in water at 35°C.. The march of touch and pain loss is closely 
watched, and a little fold of the skin, about 5 to 10 cm. above the wrist and 
on the ventral surface of the forearm, is crushed at various times relative to 
the other events in separate tests. After the skin is crushed, about 5 minutes 
are allowed for the products of the crush to act tlrrough the nocifensor 
nerves ; the reaction is then stopped by infiltrating the crushed area with 
1% novocaine intradermall3^ The circulation is then released and, after 
subsequent recovery from the sensory impairment due to ischsemia of the 
skin, and from the reactive hypersemia, the skin is tested for hyperalgesia 
around the crushed and still ansesthetic skin. 

The results may be summarised. If the skin is crushed after sense of 
touch in it is lost, or when it is numb and shortly before it loses touch sense, 
hj'^peralgesia fails to appear around the crush, either at the time, or after 
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the circulation is released. If the skin is crushed when numbness in it is 
just detectible, or a minute or two before it becomes numb, then hyperalgesia 
develops subsequentty, but it is not developed fully as compared with simul- 
taneous controls. If the skin is crushed before numbness reaches it, and 
remains without numbness for most of the 5 min. period, hyperalgesia 
develops fully. 

It is noted that if in a control the skin is crushed first and the arm is then 
asphyxiated, the hyperalgesia around the crush often continues to be 
recognisable until after the skin around it has completely lost sense of touch. 
It is also to be noted that hyperalgesia is found in all acceptable tests around 
the crush, once the crushed skin has recovered from local anaesthesia. 

Thus, if we assume that asphyxia interferes with the production of 
hyperalgesia by paralysing conduction in nocifensor nerves, these nerves 
must be thrown out of action very’- early ; and the earliness is emphasised 
by a further consideration. The times at which the nocifensor nerves are 
thrown out of action may be accepted on this basis without correction, for 
they are tested at the place of the reaction, which occurs in an axonic system 
that must be in the main quite local. But the asphyxial test acts differently 
in the case of the sensory nerves. Numbness, when it first appears in the 
skin, is produced by asphyxia of fibres lying directly beneath the pneumatic 
cuff ; the same nerves in their course through the lower parts of the arm are 
unaffected until later times. This was shown in our earlier work by placing 
a second pneumatic cuff below the first and releasing the former ; this 
procedure alway’s causes the upper borders of numbness and anesthesia 
to recede. Experiments of this kind show that, when the cuff is above the 
elbow, the function of those of the underlying sensory’- nerve fibres which 
supply’ the ^vrist is lost about 10 minutes before the function of the same 
fibres is lost through asphy’xia in the region of the wrist itself. Making due 
allowance for this delay’, it would seem likely* that the local nocifensor 
nerves are the first to be thrown out of action, being thro^vn out before the 
touch nerves and long before those of cold, warmth, and pain. 

Block by band of asphyxia. The observations on asphy'xia just described 
are not, however, conclusive. It is an assumption that asphyxia prevents 
hy’peralgesia developing by* acting on the nocifensor nerves ; it is possible 
that it acts by interfering in some way’ with the effector mechanism of these 
nerves. To test this possibihty another method has been used. A rubber 
band 12 mm. in width, is stretched around the forearm and fastened in place 
at a tension sufficient to stop the circulation to the skin underlying it. A 
pressure of CO ram. Hg. has been shown to suffice for this when blood pressure 
is normal. The rubber band, reduced to S or 9 mm. -\vidth when stretched 
and in place, should bo sufficiently* tight to depress the skin without tlirowiiig 
it into folds ; a convenient tension is easily’ judged vith practice. When 
removed after many’ minutes, the slcin presents a flat depression, which at 
once flushes bright red. This reactive hy*perfemia, which appears at release, 
indicates that the circulation has been arrested pre\*iously*. To prevent 
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congestion of tlie arm, a saddle shaped bridge is placed on the dorsal surface 
of the arm over a maur subcutaneous vem, and the rubber band runs over 
this bridge, which guards the vein from the pressure. The front of the fore- 
arm is used for the experiment. 

The band is left in place for varying times and a little fold of skin is then 
crushed immediately distal to the band. Just before the crush, the sldn 
above and below the band is closely examined to ensure that any hyperalgesia 
subsequently appearing may be recognised with certainty. If the band has 
been in place for 20 to 25 minutes, hyperalgesia develops above and below 
it. If it has been in place for 25 to 30 minutes, hyperalgesia develops up 
to the band on the side of the crush but not beyond it. If the band is then 
removed, li 5 q)eralgesia soon appears in the skin proximal to the place where 



Fig, 1. H. (xji). The top of tlio diagram is distal. The rubber band was stretched over the 
skin of the arm. 25 min. later the skin was crushed at Cr.. At 27 min. an area of hj^et- 
algesia had appeared as shown around the crush below the band ; this area became extended 
by the 31st min.. At this time too a brilliant flare was present on the skin below the band 
(dotted outline). Above the band there was no hyperalgesia and onlj- one small area where 
a little flare developed. At 40 min. the rubber band was removed. The h\-peralgesia 
above the band developed subsequentlj' and was outlined at 424 and 49 min.. 


the band lay. The development of hyperalgesia above a band that has been 
in. place for 20 minutes is of full extent and intensity, and takes place hand 
in hand with that of the hyperalgesia below the band. When the band has 
been in place for 2d min. the hyperalgesia may be dela 3 -ed in its appearance 
above the band and may remain under-developed in intensity and extent 
until after the band is removed. 

These observatibns show that asphyxia of the skin of about 25 min. 
duration will block ^ passage of impulses through the nocifensor nerves 
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of the skin ; they clearly indicate that the action is on the nerves and not 
on the effector mechanism, \rhen the whole arm is asphyxiated. This 
method also allows a direct measure of the state of skin to be taken. Controls 
show that skin deprived of its blood supply by direct pressure for about 
25 min. presents very slight numbness to gentle touches ; it is far from being 
anesthetic ; it presents no change in its response to needle pricks. 

The observations with the band, and those in which the whole arm is 
asphyxiated, are in good accord. 

Cocaine and the hyperalgesia reaction. 

It is known that the order in which cutaneous nerve fibres, serving 
sensory and other functions, are paralysed by cocaine is in general the reverse 
of that in which they are paralysed by asphyxia {see 2 and 3). Thus pain 
fibres are paralysed before touch fibres. The nerves underlying the hyper- 
algesia reaction appear to be paral 3 ’’sed very earl 3 ’- by asphj^a ; it would be 
consistent for them to be paralysed very late by cocaine. 

Cocaine has been driven into the sldn electrophoreticaUy, using a 1% 
solution, and a current of 80 to 150 or 200 microamp. per sq. cm.. The 
weaker current, passed for 5 min., usually makes the skin analgesic to needle 
prick and distinctly dulls but does not abolish sense of touch. The stronger - 
current passed for 9 to 12 min. usually abolishes all sense of touch. A 
circular area of the forearm of 2 cm. diameter, is treated in this way, the 
bloodflow to the arm is then arrested to prevent recovery, and the condition 
of sensation in the sldn is quickly examined. The state being ascertained, 
a little fold of skin is crushed within the analgesic zone ; the crush should be 
quite unfelt. If the electrophoresis has aboh'shed all responses to needle 
prick and has so far depressed that it has almost aboh’shed the sense of 
touch, the usual reaction to the crush is unaffected ; that is to say, hyperal- 
gesia develops in a wide area of surrounding skin in the usual time, and this 
area of h3peralgesia is of full extent and intensit}^, showing no increase 
after the circulation is released and the cocainised skin recovers. This 
result is invariable. If, before the skin is crushed, the cocainisation has 
been pressed farther, so that touches are only felt if the skin surface is 
definitely deformed by them and so that pain sense is lost, not only to needle 
pricks but to the more searching test of appljdng hot metal to the skin 
(copper at 63 °C. for 2/oths or 3/5ths of a second) then the result is the same, 
or there may be a partial reaction, or hyperalgesia may fail to appear until 
after the ansesthetic skin recovers consequent upon the release of the circula- 
tion. Thus, the reaction is not blocked with certainty in skin until or after 
a grade of cocainisation has been reached that renders the skin both analgesic 
and ansesthetic in the full sense. Although complete paralysis of the deepest 
sensorj" nerve fibres of the skin may still be questionable, these cannot be 
unaffected ; it is however most improbable that with this grade of affection 
of the sensory nerves as a whole, the hyperalgesia reaction would be unaffected 
in rate of development and extent if provoked through them. 
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These observations on cocaine, and those already described on asphyxia 
are in physiological harmony ; they support the conclusion reached in a 
previous paper, that the nocifensor nerves, though travelling through the 
X)osterior roots, are not sensory but belong to a separate system. 


Asphyxia and ihe nerves governing the flare. 

In my earher paper I suggested that the area of h5’'peralgesia and the 
area of vascular flare, which soon appears around small injuries of the skin, 
may possibly be provoked through one and the same system, namely the 
nocifensor S3>-stem of nerves. The present observations enable the effects 
of asphy^xia on the nerves underl3dng h3'j)eralgesia and flare to be compared. 
The tests are carried out in the same way as those previoxisty described ; 
the cu’culation to the arm is arrested, the skin of the lower forearm is crushed 
with forceps and after 5 min. is antesthetised locally and the circulation 
released. In the case of the flare it is necessary to use a control, so that 
two flares ma3^ be compared for size and brightness. Tliis can be done by 
crushing the skin of the forearm at two levels, the skin when crushed 
presenting different states of sensory defect ; but this method has the 
disadvantage that difference of level is apt to affect the extent and brightness 
of the flare. Another method is to crush the skin at the same level in two 
places on the arm, but at different times ; though here there is the disad- 
vantage that the two areas of h3’’peralgcsia are apt to run together and to 
become confused, so that observations upon hyperalgesia and upon flare 
are not readily undertaken simultaneousl3^ The third and most satisfactory 
plan is to use the two arms simultaneous^,'*' arresting the circulation 10 
minutes earlier in one than in the other, crushing the skin on both sides 
simultaneously, aufesthetising each 5 min. later and at once restoring tlie 
circulation to both. The flares can thus be compared directl3’^ at all stages 
from the time of their appearance when reactive hyperaemia fades awa3^ 
The results obtained b3’- all methods are in substantial agreement. The 
flare is abolished if the skin is very numb or is actuall3’^ without sense of touch 
during the greater part of the 5 min. period. The flare is reduced in size 
and brightness if numbness has ascended the arm to a pouit well above the 
crush at the time this is made. Thus the duration of asplyxia required to 
abolish the “ flare ” reaction is of the same general order as that required to 
abohsh the hyperalgesia reaction. The flare, however, is affected later 
than is h3q3eralgesia. 

The band method is not so well adapted to the study of the flare as to 
that of h3’^peralgesia, because the area distinctly reddened is relatively small 
and the band covers much of it. Moreover the flare is known to be 
conducted partl3^ b3’^ nerves l3dng deej) to the skin. Flare is not blocked 

* 111 such tests, the two arms being treated unequally, 3 or 4 da 3 ’s should be allowed to elapse 
before tht)same subject is used again. An arm asphyxiated j’esterday is not completelj’recowred 
bj' to-daj', the time required to produce a given grade of sensori’ change is shortened. 
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as readily as ]i 3 ^eralgesia ; it may be blocked by a 30 min. asphyxial band, 
but much more often it is reduced in intensity and extent. 


STiaMAny. 

The deyelopment of hyperalgesia around a small crush of the sldn can be 
prevented by asphyxiating the slan ; and the spread of hyperalgesia can be 
blocked by asphyxiating a narrow band of skin. The duration of asphj’^xia 
required is such as has little appreciable effect on the functions of the sensory 
nerves of the skin. Asphyxia must be carried a little farther to prevent 
the development of the “ flare ” or to interfere with the spread of the “ flare ” 
in response to the same injury. Asphyxia stops hyperalgesia from 
developing by paralysing the nerves concerned ; these nerves are paralj’^sed 
before the sensory nerves. 

Cocaine introduced eleetrophoreticaUy into the skin paratyses the pain 
nerves completely and the touch nerves entirely or almost entirely before it 
interferes with the hyperalgesia reaction. 

The conclusion previously formed that the nocifensor nerves, though 
belonging to the posterior root system, are not sensory but belong to a 
special sj’stem, is supported by both these series of observations. 
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THE DOUBLE PAIN RESPONSE OF THE HTOIAN SION TO A 

SINGLE STBIULUS,* 

By THOJIAS LEWIS and E. E. POCHIN. 

{From the Department of Clinical Research, University College Hospital 

Medical School). 


In studying the effects of isclijemia upon the arm, it was found bj' Lewis, 
Pickering, and RothscJiild (8) that sense of touch is affected before pain, 
and that, when actual amesthesia has developed, the pain response to a 
needle prick, though appreciable, seems to be delayed. This observation 
was confirmed by Gasser (2 and 5), M’ho suggested that the delay in the pain 
response may be due to the functional survival of slow conducting fibres. 

While recently testing the ischfcmic limb for pain sense, and attending 
to the pain produced bj" needle pricks on normal and ischaemic fingers, we 
observed that the pain produced from the normal finger is often twofold, 
a first pain coining almost at once, and a second pain following after a period 
of delay ; and it seemed to us, in comparing the normal and ischaemic fingers, 
that the phenomenon previouslj’’ described as a delaj^ed response in asphyxia, 
was more correctlj' interpreted as the simple loss of the 1st response, the 
2nd response being now isolated and therefore more readil 3 ’^ discerned. 
Moreover, ha^nng recognised the double response to the single prick, we 
recollected that such an observation had previously' been described and on 
discovering the source found many observations and reflections already 
recorded. 

A double response to a single stimulus was first described by Rosenbach 
(9) in 1 884 in observations attempting to explain the delay' of pain response 
to stimulation, previously' observed in cases of spinal cord disease. Rosenbach 
used heat ns stimulus. A similar reaction to needle prick was described by 
Gad and Goldschcidcr in 1898, though these workers emphasised the first 
response as touch and the second as pain. Gad and Goldschcidcr (4) 
explained the double resiionse by' supposing that the 1st response travels 
through the posterior columns and that the 2nd is delayed in the grey matter 
of the spinal cord. Thunberg (10) a few years later clearly' recognised that 
both responses may' be painful, measured their latencies, showed that the 
double response may' be elicited not only by prick but by heat, and added 


Work undfrlnken on behalf of the Medical Research Gouocil. 
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many interesting observations. Thunberg disagreed with Gad and Gold- 
scheider’s explanation and suggested that the 1st response is due to stimulation 
of nerve fibres and the 2nd to stimulation of nerve endings. The lag of the 
2nd response was supposed to be due to a hypothetical process intervening 
between the stimulus and the ultimate excitation of the nerve ending. We 
shall not relate the arguments upon which these explanations were based, 
or those of Alrutz’s criticism (1) of Thunberg, or those of the latter’s reply, 
all of wliich will be found in Thunberg’s main article. We refrain from doing 
so because the arguments in favour of the several views seem unsubstantial, 
and because the h3'potheses of delay in cord or delay a t the nerve ending are 
clearly disproved, so we tliink, by the observations we shall describe. 

We agree Avith Thunberg’s description of the response to needle pricks. 
If a fine needle is used, and skin, say of the back of the finger or of the front 
of the forearm, is stabbed quicldy but lightly, preferably by using needle 
points set up on bristles bending under ascertained tensions of 2 to 4 gram 




Fig. 1. (X i.) Copper cj’linder used in stiinulnting vith heat. 

after the manner of Trey, the contact gives a simple sense of touch or a 
quick flash of pain. After an interval a second pain is felt. It is important 
that the skin tested should not be unduly cold, otherudse the 2nd response 
is unfelt or is not felt clearly. With light pricks this 2nd response is usually 
the more intense of the two, the first indeed frequently fails, and the 2nd 
seems longer lasting and for that reason is more easily described as “ stinging”; 
it seems also to be felt a little more diffusely than the 1st. Heavier jabs 
with a needle give two pain responses, the first of which is the more painful 
and is then apt to attract exclusive attention. 

The most certain method of eliciting the double pain response is by 
using hot metal contacts as the stimulus, as did Thunberg. We have 
employed a cylinder of copper, 4 cm. long and 5 cm. diam. ; a mass of metal 
from which a shorter cj^hnder of 1 cm. diam. projects (Kg. !)• The flat 
surface of the small cylinder is applied to the skin, the large cyhnder forms a 
reservoir of heat for successive tests. The metal is heated, usually to 
63°C., in a water bath, and the contact with the skin lasts 1/5 to 1/2 sec.. 
Such a contact is usually long enough to be accompanied by a distinct but 
brief stinging pain, followed after an interval, during which the metal has 
been removed, by a 2nd sting, which, if the contact has been short, exceeds 
the Ist sting in its intensity. 
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Evidence for iico seis of pain nerves. 

Dissocialion by ischcemia. If the circulation to the arm is arrested 
and the arm is kept in a bath at 34°C. the fingers begin to be numb at their 
tips in about 15 min. and anesthetic in about 20 min.. This diminution 
and loss of touch sense spreads up the limb. At about the time "n'hen the 
fingers become actually anesthetic (25 to 30 min.), or a little earlier, the 1st 
response ■which they give to light needle pricks is lost, the 2nd response being 
at first undiminished in intensity, but at a later stage reduced. We call it 
the 2nd response because, ■n'hen compared with the 2nd response &om control 
skin it comes at the corresponding time (see Table I). If in the late stage the 
finger is jabbed harder with the needle, the Ist response is felt also. 


TABLE I. 

Stimulus to 2nd response in see.. 


1 

Series I. 1 

Control. 1 

Series 2. 

1 Aspln-xia. 

E.E.P. 

M M M 10 

1-2 1-2 1-1 1-2 


1-0 1-0 M 

1-2 M 


nv. = !•! j 

av. = 1-2 

T.L. 

1-5 1-4 1-4 1-4 j 

1 1-2 1-3 1-1 1-2 1-2 1-2 


nv. = 1-4 i 

i 

av. = 1'2 


Tlio method of measuring tlie intervals is described on page 71. 


Tilo asphyxia must be carried on for longer periods before the 1st 
response to heavy stimulation is lost (50 to 75 mins), and for still longer 
periods before both responses arc lost (75 to 100 mins). It is undesirable 
to arrest the circulation to a limb repeatedl 3 ’ for periods much longer than a 
linlf hoiur ; so in long asphyxiation we first bind off the finger at its base, 
remove the bandage after 75 min. have elapsed, but arrest the bloodflow to 
the arm immediately before doing so and continue the asphj^ia for a further 
period of half an hour. Thus the arm is safeguarded from long asphyxia 
and the finger has been freed from the bandage long before tests begin. 
Using the heat stimulus, corresponding results are obtained, the Ist response 
declines and vanishes, before the 2nd is noticeably affected. 

In an earlier paper from this laboratory a special pressure clamp was 
described, wliich allows a short stretch of the nerves of the upper arm to be 
rendered isch.Tmic wliile bloodflow to the whole of the lower arm is fully 
maintained. We have used this clamp to ascertain if the dissociation of the 
two pain responses in nsphj*xia is due to an action on the nerve trunk or 
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upon the nerve ending. The former, is the case, the 1st response being 
abolished by asphyxia of the nerve trunk only. 

' ■ Dissociation can also be accomplished by the use of cocaine. ' 

Dissociation by cocaine. Cocaine reduces and ultimately ahoUshes 
the 2nd pain response, before it similarly affects the 1st pain response, A 
convenient method is to ionise the allraloid into the skin of the front of the 
forearm just above the VTist, using a 0-5 or 1% solution of cocaine 
hydrochloride and a current of about 70 to 100 microamp, per sq. cm, ; 
the effect is more certain (and may be necessary if the finger is used) if the 
circulation to the limb is stopped during the process, so that the cocaine 
entering, the skin may be held in place. Diminished response to needle 
pricks develops obviously rvithin 5 min. and it is easy to show that the 2nd 
pain response is affected first. It is lost before the 1st response, and often 
before the latter is much diminished. The cocainised sldn gives a single and 
prompt response while uncocainised sldn yields the usual pair of responses. 
This phenomenon is produced without difficulty. A similar phenomenon 
in response to the painful heat stimulus (the copper at 63°) can be demon- 
strated, though less easily. It is necessary to carry the cocainisation farther, 
and nearer to the point at which analgesia is complete, to reach the critical 
state in which the skin responds at once to brief contact with hot metal, but 
without the occurrence of the delayed sting. When the 2nd response to 
heat is lost, the 1st response is often much reduced, but sometimes is felt 
fully. The most certain way of eliminating the 2nd response onl}', is to 
cocainise until no response can be obtained by needle prick, and then to 
employ as stimulus brief contacts vdth the copper at 70°. 

A similar differentiation can be elicited by infiltrating a superficial 
cutaneous nerve with a 0-1% solution of cocaine hydrochloride containing 
a small quantity of adrenaline. Using a cutaneous nerve of the forearm 
for this purpose, as little as 1 c.c. will suffice if it is introduced directly over 
the nerve trunk, and the weak solution gives a very slowty developing 
paralj'sis of sensation. Diminution and loss of the 2nd pain response to the 
needle prick is readily distinguished as analgesia develops, but the 1st 
response continues much longer. Here again paralysis must proceed farther 
before the corresponding phenomenon in response to the heat stimulus 
becomes clear, and this critical phase is brief, soon passing on to complete 
analgesia. \ 

Discussion and fjirfher observations. Because the two pain responses 
can be dissociated by asphyxia or cocainisation that is confined to the nerve 
trunk, it becomes clear that dissociation concerns nerve paths and not 
nerve endings and thus indicates that the two pain responses are carried 
through distinct systems of nerves. 

Now Gasser and his colleagues, in their experiments bn animals, have 
shown that the fibres of peripheral nerve trunks conduct impulses centrally 
ftt very, different rates. Studied in this way the fibres separate themselves 
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into three groups. A, B, and C. He has further shomi that cocaine, in 
acting on the nen-e trunk, abolishes first the function of the slower conducting 
(his C) fibres and, using our method of asphyxiation, that this first abolishes 
the function of the faster conducting (his A and B) fibres. Cocaine has long 
been known to abolish pain sense before touch(6), and it has been shown in 
tliis laboratory that asphyxia abolishes touch before pain ; from evidence 
of this kind it was natural at first to suppose that specific sensory functions 
might be associated Avith fibres of difierent conduction rate. But the idea 
has not been found capable of proof, and Gasser has expressed the belief that 
pain overlaps and may be conve3'ed in both the B and C groups of fibres. 
His e\ndence for this is indirect, his observations having been carried out 
upon animals, and the presence of pain being judged bj’ reflex phenomena. 

The present position is that our observations upon actual pain responses 
in man and those of Gasser on animals are in very clear and suggestive accord ; 
for he finds fibres of fast conduction rate, and we find fibres conducting the 
1st pain response, to be the more susceptible to asphyxia ; while he finds 
fibres of sIoav conduction, and we find fibres conducting the 2nd pain response, 
to be the more susceptible to cocaine. The idea, which emerges, that the 
two pain responses are carried b}' fibres of different conduction rate, can be 
submitted to decisive experiment in man. For, if it is correct, then the 
interval between the 1st and 2nd responses should increase with the length 
of nerve traversed, and, because of its slow conduction, the 2nd response 
should be delayed verj’^ notablj’ when the nerve path is long. This is all 
quite eas}' to demonstrate. If heat, the most suitable stimulus, is used and 
the point of stimulation is moved in steps from the finger up the arm to the 
slioulder, the intei’A’al betAveen the two responses gradually diminishes until 
near the slioulder the responses fuse. Similarly- in the case of the leg ; 
when the foot is stimulated the interval between the responses is remarkable 
for its length,* and this interval decreases as the stimulus is moved upwards, 
until near the hip joint the two responses are indistinguishable. 

The lag of the 2nd response from the foot is so great that if two heat 
stimuli are given in quick succession to the same skin, a double eclio is felt 
after the copper has been removed from the skin. This phenomenon was 
also noted bj' Rosenbach. It is important because it would seem in itself 
to exclude the idea of 003* “ between process ” [sec Thunberg) as accounting 
for appreciable dela3' between stimulus and response. 

We have used a simple contrivance as did Thunberg to measure the 
interval between the stimulus and the 2ad response. Two thin copper 
wires arc stretched in parallel and 5 mm. apart across an open frame as 
handle. The bare wires arc laid on the skin to be tested and the hot copper 
completes a circuit the instant it touches them. The make and break of 
contact with the skin is thus signalled ; the pain response is signalled bA* 


• Gnil ami Golclfvlioidf'r (4) noticed tbe greater delay of pain response vrhen BtitrmUtion of 
tlie fiH't tvns coni|>aix'd will, that of the liand. 
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depressing a key which completes the same circuit. An example of the records 
is shown in Fig. 2, and representative values are given in Table II. 

From these values the rates of conduction of the 2nd response can he 
calculated and, owing to the magnitude of the intervals involved, without 
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Fig, 2. (x J.) Measurements of lieat stimulus to 2nd pain response, the stimulus being applied 
to the upper thigh and to the toe. S signals the stimulus and It the pain response. Time 
in 1/5 sec.. 


Toe 




TABLE II. 


Stimulus to 2nd response in sec.. 




Ist series. 


2nd series. 

Tliigh. 

Knee, j 

Toe, 

Toe. 

Knee, j 

Thigh, 

Subject T.L. 

0-S 

mm 

1-9 

1-8 

1-2 

0-8 

(reaction time 0'2). 

0-8 


2-0 

2-0 

1-2 



0-7 


2-1 

.2-0 

1-2 



0-7 

■« 

2-0 

1-9 

1-3 


Av. in sec. 

0-8 

i M 

! 2-0 j 

[ 1-9 

1-2 

' 0-8 


Thigh to knee 40 cm., knee to toe 40 cm., the points being previously so arranged along the 
outer side of the leg. 

Calculated rate of conduction, too to knee, 0-5 metres per sec.. 

„ „ „ toe to thigh, 0-7 metres per sec.. 




1st series. 

2nd series. 


Toe. 

Knee. 

Thigh. 

Toe. 

Knee. 

Thigh. 

Subject E.E.P. 

2-0 

mm 

■RH 

BB 

1-2 


(reaction time 0'15) 

1-9 




1-4 

0-9 


2-0 




1-5 

0-9 


1-8 


0-9 

1-8 

1-4 


Av. in sec. 

1-9 

B 

1-0 

1-8 

1-4 

! 

0-9 


Tliigh to knee 60 cm., knee to toe 60 cm., the points being previously so arranged along the 
outer side of the leg. 

Kate of conduction, toe to knee l-l metres per sec.. 

,, toe to thigh 1-1 rbetres per sec.. 
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Fig. 4. 

Figs. 3 find 4. Independent oljscrvations by the ttvo nutbors, heights 5 ft. 8 inches nnd C ft. 
respectively. Tlie blnckcned nrcos ore those over which heat gives a single pain response ; 
on the nnblaehened areas the skin gives a double response, the interval between the two 
increasing ns the stimulus is moved peripherally on arm or leg. 
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gross error.* They are about 4 to 1 metre per second. These are 
of coui-se approximate values ; but they are of interest in being of the same 
order (1 to 2 metres per sec.) as those found by Gasser for his C 
fibres. 

It has been demonstrated that difference in conduction rate is responsible 
for the double pain response ; it remains to be shown that the lag of the 
2nd impulse is not appreciably influenced, as Gad and Goldscheider suppose, 
by its passage through spinal cord. If the heat stimulus is used and the 
whole surface of the body is tested, the double response is found to be 
unobtainable from the blackened areas of Figs. 3 and 4. It is obtained 
from aU other parts, but shortens until it is unrecognisable wherever the 
areas indicated in black are closely approached.f It will be manifest from 
the diagrams that the cord can contribute littlej to the lag of one pain 
response behind the other, for the boundaries at which the double response 
fuses into one everywhere stand at approximately the same distance, measured 
along nerve trunks to their points of entrance into the cord ; and this is 
so, whether the measurement is to the cervical or to the sacral region of 
the cord. 

The evidence, derived from man alone, seems definitely to show that 
pain is transmitted from the skin b}’- two sets of nerve fibres, of fast and slow 
conduction. Taken in conjunction with the earlier work of Gasser the truth 
of this conclusion is all the more certain. It is of interest to note that 
relying upon pain itself as our index, the incidence of the pain nerves of 
dififerent conduction rate is not a diffuse scatter or transition from fast to 
slow, the fibres must be almost if not quite sliarply separated into a fast and 
a very slow conducting group. 

These observations may prove relevant to the interpretation of the 
delay in appreciation of pain wliich occurs in cases of spinal cord disease, 
such as tabes dorsalis. 

It is also to be remarked that having distinguished between pain impulses 
carried by slow and fast fibres, it becomes necessary to reinvestigate pain 
sense from this standpoint. It is possible, or in some instances even probable, 
for example, that there are two corresponding series of nerve endings, that 
the thresholds of these are different, and that when the nerve fibres are cut, 
they regenerate at different rates. 


* One possible somce of error, though it cannot be of great magnitude, arises out^ of the 
response starting within different spinal nerve territories, thus having to travel to different 
cord levels. Another is the thickness of the skin stimulated. 

t Tested with heat, the face, like the rest of the areas represented black, yields a single 
response. A needle prick of the face is often followed by a second sensation, which comes 
gradually and lasts for very many seconds. It is a little sense of continuous sting, the nature of 
which we have not investigated, but which is to be distinguished from the fleeting pain of a 
second response as this is felt in finger or toe. 

X We do not pretend to have proved that it contributes nothing. 
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Additional observations. 

1. A correlation. It may be of value here to remark upon a correlation, 
•which is not directly relevant to the conclusions of this paper. Asphyxia 
affects the functions of the sensory nerves in a given order, cocaine affects 
these same functions in the reverse order. It is becoming a matter of consent 
that these differences are due to differences in the constitution of the nerve 
fibres concerned. In an earlier paper it -was suggested that the paralysis 
occasioned by asphyxia is centripetal for similar reasons, fibres supplying 
distant skin being regarded as differently constituted to those supplying 
less distant skin. We are inclined here to emphasise this view for closer 
consideration, because the interesting phenomenon of centripetal paralysis 
has received no other explanation than that which was put forward, and 
because Endres (3) has shown that cocaine has the reverse effect, producing 
centrifugal paralj'sis. This effect of cocaine we have confirmed in the 
present observations. If, in comparing the paratytic action of asphyxia and 
cocaine, we attribute the reversal of one series of events to differences in 
fibre constitution, it is difficult to avoid attributing reversal of a second series 
of events to a similar cause. The importance of this consideration is that it 
affects the interpretation of physiological experiments on the different 
rates of nerve fibre conduction. 

2. Pain localisation. In a previous paper from this laboratory (7) 
observations were described showing that painful stimuli are more or less 
accurately localised by the subject. To avoid the error arising out of the 
presence of touch nerv'es, these were tlirown out of action by asphy-xia, the 
observations being made on amesthetic skin. In the light of the present 
work it will be evident that the localisation of pain thus investigated applies 
onl}’- to that conveyed by the group of slowly conducting nerve fibres. 

We liave now examined the power to localise pain conve3'ed bj’’ fast 
conducting fibres. For this we have used single induction shocks throvm at 
each separate test into one of two pairs of electrodes, both resting on the skin. 
These induction shocks awaken the 1st pain response onlj’^ and the observer 
attempts to identifj' the electrodes through which the stimulus is received. 
He has no difficulty in doing so when the two pairs of electrodes lie across 
the skin of the forearm separated by distances e.xceeding 1 cm. and when thej' 
lie up and dovm the arm separated by distances exceeding 1-5 cm.. Thus 
localisation is of much the same order of accuracy' wliether the 1st or the 
2nd pain response is considered. 

COXCLXTSIOXS. 

It is demonstrated that the human skin is supplied bj' pain nerves 
having ver\' different conduction properties. The incidence of fibres of 
different conduction rate is not a diffuse scatter or simple transition from 
fast to slow, the fibres are more or less sharplj’ divided into a fast and a vcr\' 
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slow conducting group. It is for this reason that a single stimulus such as a 
needle prick or heat is capable of giving two distinct pain responses, as 
described by Thunherg and others. Both these pain responses are localised 
by the subject. 
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THE ACTION OF CHOLINE ESTERS IN ^lYASTHENIA GRAVIS.* 


By F. R. FRASER, IMORRAY McGEORGE, G. E. ]MURPHY. 
(From (he Depariimnt of Medicine, British Postgraduate Medical School, 
and Hammersmith Hospital). 


Introduction. 

The cause of tlie w eakness of the voluntary muscles in myasthenia gravis 
is unknown, and no satisfactory explanation for the fatigue phenomenon 
cliaracteristic of this disease has been offered. The administration of a 
number of substances, such as ephedrine (10, 11), glycine (2) and potassium 
salts (19), has been found to produce improvement in the muscle power, 
and in 1934: Walker (34) demonstrated that physostigmine when given by 
hypodermic injection has a powerful action in remedying the weakness and 
fatigue. When given in sufiSciently large doses to be fully effective, however, 
this drug has undesirable toxic effects and Walker (35) showed that the 
injection of prostigmin, a synthetic analogue of physostigmine, can produce 
dramatic recover}* in doses that do not produce such severe toxic actions. 
These toxic actions, especially slowing of the heart and increased intestinal 
peristalsis, can be prevented by atropine (9). Wlien given b}'- the mouth 
in much larger doses than those effective by intramuscular or hypodermic 
injection prostigmin is effective (20), but by either method of administration 
the action is temporary and persists for a few hours only. The therapeutic 
effect of prostigmin has been confirmed by numerous observers (29, IS, 21, 
27, 33, 2G, 5, 37). This remedial action has renewed interest in the problem 
of the pathology of myasthenia gravis, for many of the effects of physostig- 
mine and of prostigmin can be related to their action in inliibiting the choline 
esterase of the bod}*, which rapidly h 3 *drolyses acetyl choline (6, 22, 23, 24, 12), 
and acetyl choline is now known to be necessary for the transmission of nerve 
impulses in sympathetic ganglia (13), from nerve endings to the effector 
organs of the parasympathetic s^'stem (7), and also from voluntary- nerve 
fibres to skeletal muscles (8) (3). These facts suggest that in myasthenia 
gravis the normal balance between the production of acetyl choline at the 
neuro-muscular junction and its destruction b}'' the esterase is disturbed. 


• Coinraxinicntcd to tlio Modicnl Bcscarch Society, 15t)i January*, 1P37. 

AVo are imlebtcd to Dr. Man* AVnlkcr for flie opportunity to study tlie patients, and to tl.e 
Ciiicf Medical Offieer, London County Council, for permission to pulili«!i tbe^* olr>ervatiorj*. 
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The esterase content of the serum in patients with myasthenia gravis has 
been studied and is found to he wdthin the normal range (32, 14, 25). It is 
possible, as pointed out by McGeorge, that the esterase activity at the 
neuro-muscular junction may be disturbed in the presence of a normal 
serum esterase activity, but so far no method of testing this hypothesis has 
been devised. A second possibility is that there is some abnormality in the 
formation of acetyl choline. Walker (36), and Cooke and Passmore (5) 
tried the effect of the subcutaneous injection of 50 and 100 mg. of acetyl 
choline chloride in patients vith myasthenia gravis, but observed no effect. 
In view of the rapid destruction of acet3d choline in the body, this is not 
surprising and we considered that further evidence might be obtained by 
observing the effects of the more stable choline esters which have actions 
similar to those of acetjd choline. Two types of actions of acetyl choline 
can be distinguished, muscarine-like or parasjnnpathoraimetic actions, which 
can be jirevented or abolished by atropine, and nicotine-like actions that are 
not affected by atropine (6). The action of acetjd choline in the transmission 
of voluntary nerve impulses to skeletal muscles belongs to the nicotine-like 
group. 

Obsarvaiions. 

We were fortunate in being able to obtain two patients from Dr. Walker 
whom she had observed for two years and on whom she had made her 
observations of the effects of treatment by prostigmin. (Case reports are 
appended). Both patients were so severely affected by the disease, the 
muscles of the limbs and trunk, as well as of the face and ej^es, being involved, 
that the effects of treatment were easily^ gauged. 

The procedure adopted was to stop routine treatment with prostigmin 
following the evening or afternoon dose and by next afternoon the patients 
were so weak that the eyehds could scarcely be stirred, the external ocular 
movements were almost complete^ absent, the head could, as a rule, not be 
turned or raised from the pillow, the ankles could not be dorsiflexed or the 
heels raised from the bed, and sitting up and walldng were impossible. 
One of the patients (W.) could still raise the arms from the bed, but her hand 
grips were very weak, while in the other (C.) the upper limbs were as weak 
as the rest of the body. By observing the ability to perform these move- 
ments and by using a small dynamometer to gauge the power of the hand 
grips, the return of muscle power could readily be observed and its extent 
recorded. Beadings of pulse rate and blood pressure were taken every two 
or three minutes, and the chohne ester Avas given by subcutaneous injection 
after the preliminary observations had been continued for from 15 to 30 
minutes. 

Subcutaneous injection. — Carbaminojd choline chloride (Doryl) was first 
tried and in doses of 1*0 ang. produced a strUdng result (see Figs 1 a and b, 
and 2 a and b). ' Compared with the effect of prostigmin the return of muscle 
power commenced later (see Tables I and II), developed more slowly, was 
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never so complete, but lasted much longer. Whereas on routine treatment 
vuth prostigmin (three injections of 2*5 mg. in one day) the patients were 
constantly too weak next morning to attend to themselves, following 
carhaminoyl choline they could move freely in bed and sometimes even sit 
up. Patient C. always developed abdominal pains of a colicky nature 
following carbaminoyl choline, as she did after prostigmin, and she was given 
a preliminary injection of 1‘0 mg. of atropine sulphate which controlled them ; 
patient W. wth doses of 1*0 mg. or more developed excessive salivation, 
lachrymation, sweating and fall of blood pressure, which could not be entirely 
controlled by atropine, but with O'o mg. these were not conspicuous. In 
all, patient C. was given nine subcutaneous or intra-muscular injections of 
carbaminoyl choline in doses of O'a to 2*0 mg., and patient W. eleven injections 
in doses of 0*25 to 2*0 mg., and the effects on muscle power were essentially 
the same on each occasion. 

Acetyl choline cliloride in doses of 500 mg. and 600 mg. produced a 
definite recovery of muscle power, not nearly so satisfactory as that following 
carbaminoyl choline, but similarly' delayed and still present next morning. 
No parasympathomimetic effects were observed apart from a slight tightness 
in the chest in patient W., and abdominal coUc in patient C. a few minutes 
after the injection. 

Acetyl 8-mothyl choline chloride (Mecholin) in doses of 25 mg. and 50 
mg. produced good recovery of muscle power similarlj* delayed and noticeable 
next morning. Compared uith acetyl choline and carbaminoyl choline, it is 
regarded as feeble in nicotine-Uke effects though powerful in “ muscarine ” 
effects (31), and little if any result on voluntary muscle power was expected 
(1). In both patients atropine was required to control the cardio-vascular 
effects. 

In view of the very rapid destruction of acet}*! choline in the body and 
the inolonged effects on muscle power that resulted from the injection of 
these esters, it seemed possible that the choline contained in them was being 
utilised in the sjmthesis of acetyl choline, or its precursor, at the neuro- 
muscular junctions. Injections of choline chloride in doses of 200 mg. were, 
however, without effect, even after the oral administration of sodium acetate 
in doses of 6*0 grammes daily for three da^^s, as was also the oral administration 
of 3*0 grammes of choline chloride and 6*0 grammes of sodium acetate daily 
for a week. To test this possibility further, the following obser\'ations were 
made. The three esters contain practically the same amount of choline 
so the effect of 1*0 mg. of each was observed. The results were wideh* 
different ; 1*0 mg. of carbaminoyl choline produced a conspicuous effect, 

1*0 mg. of acetyl ^S-metlu-l choline a weaker effect, while 1*0 mg. 
of acetyl choline produced no recognisable effect. The actions of the 
esters could not, therefore, be due mereh* to their choline content. Tables I 
and II show the comparative effects of prostigmin, the tlune esters and 
choline. 



80 FBASEB, IIcGEOBGE AND 3IUBPH7. 


TABLE 1. (Patient C.). 


Treatment. 

Effect 
evident . 

i 

j 

Sitting up. 1 

Walking. 

Effect 

ended. 

ProBfigmin 

2-6 mg. 

3 rains. 

5 mins, j 

i 

8 mins, j 

6 hra. 

Carbaminoyl choline (doryl) | 

1 mg. 1 

j 8 mins, j 

1 

2 lirs. i 

i 

> 20 hrs. 

Acetyl choline 

200 mg. 

600 mg. 

9 mins. 

1 

1 

2 hre. i 

1 

i 

[ >18 hrs. 

Acetyl/S-methyl choline (mecholin) j ! 

25 mg. a mins. | 

i 

70 mins. | 

1 

1 

SO mins, j 

1 

i >181its. 

1 

Choline j | 

200 mg. — j 

1 

i 


TABLE II. (Patient \Y.). 


] 

Treatment. 

Effect 

evident. 

Sitting up. 

Walking. 

Effect 

ended. 

Prostigmin 

2-5 mg. 1 

i 

5 mins. 

8 mins. 

9 mins. 

6 Iirs. 

Carbaminoyl choline (doiyl) 

0-5 mg. 

3 mins. 

55 minB. 

hrs. i 

>17 his. 

Acetyl choline j 

500 mg. 

i 

j 90 mins. 

i 


> 17 Iirs, 

Acetyl /5-methyl choline (mecholin) j 
60 mg. j 

18 mins. 

1 

12 hrs. 1 

i 

1 

12 hra. 

> 15 hrs. 

Clioline 

200 mg. 

i 

~ ! 

) 

1 

— 


Inira-arterial injection. In spite of the rapidity with which acetyl 
choline is destroyed by the esterase of the body, it was possible that small 
amounts of the three esters were entering the circtdation and, escaping 
hydrolysis, were reaching the neuro-muscular junctions ; so an attempt 
was made to supply them more directly to the muscles by intra-arterial 
injection. 100 mg. of acetyl choline chloride injected rapidly into the right 
femoral artery of patient W. produced within 2 seconds a bright red flush 
in the skin throughout the distribution of the artery, but no change in muscle 
power occurred until 2 hours later, when there was some improvement in the 
musculature of the whole body, and the legs could be moved freely and raised 
from the bed, but it was no greater in the leg injected than elsewhere (Table 
III). 6 mg. of acetyl j8-methyl choline chloride were injected into the right 
femoral artery, a sphygmomanometer cuff being distended at a pressure of 
80 mm. of Hg arotmd the thigh to delay the diffusion of the drug throughout 
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TABLE m. (Patient W.). ' 

Effect of acetyl choline chloride by inlra-artcrial injedion. 

Acetyl choline chloride 100 mg. in 0-5 c.c. into right femoral arteiy. Immediate 
pain in thigh and leg to Bole of foot. 

Bright flush tliroughout cutaneous distribution of femoral arteiy. A feu" beads 
of sweat on toes. 

Flush fading. 

Flush disappeared. JTo change in muscle power. 

Muscle power improved, but no difference between the two legs. 

Next morning a little stronger than usual. 

the body, but no immediate effect was produced on muscular power. The 
pressure in the cuff was released at the end of six minutes, and thirteen 
minutes following the injection the external ocular muscles and the muscles 
of the limbs became stronger, and she was able to sit up one hour and walk 
two and a half hours after the injection. No difference was noted between 
the strength of the muscles in the two legs. Using a similar technique 
0*25 mg. of carbaminojd choline was injected into the left femoral arterj’^ and 
three minutes later the muscles of the injected leg showed a definite, but 
slight, return of power, so that she could move the toes and dorsiflex the 
ankle. No further improvement had occurred when the cuff was released 
seven minutes after the injection. Twenty-four minutes after the injection 
a general improvement in the muscles of the body commenced, but the 
injected leg was still stronger than the other. Forty-five minutes after the 
injection she was able to sit up and the two legs were equally strong, and at the 
end of one and a half hours she could walk (Table IV). 

TABLE IV. (Patient W.). 

Effect of carbaminoyl choline chloride by intra-arterial injection. 

Atropine sulplmtc 1-2 nig. by subcutaneous injection i liour preriously. 

Time. 

0 Carbarainoj-1 clioline cliloride 0-25 rag. in 0-5 c.c. info left femoral artery with venous 

compression in middle of thigh. 

3 mins. Able to mo\-o toes and ankle on left side. 

7 mins. Venous compression released. 

21 mins. .‘\blc to moTC foes and ankle on right side. Eirelids raised. Both arms recovering. 
27 rains. Legsoqunllysfrong. 

11 mins. Sifting up, 

1 { hrs. Can walk a few stejis. 

18 hr*. Next morning stronger than usual. 

These results suggested the possibility that the defect in myasthenia 
gravis and the beneficial effects of prostigrain and of the choline esters might 
be situated more centrally than the neuro-muscular junctions. To test this, 
1*0 mg. of prostigrain was injected into the left femoral arterj' of the same 
patient, compressing the thigh with the sphygmomanometer cuff at a pressure 


Tike. 

0 

2 secs. 

2 mins. 
12 rains. 
2 hrs. 
19 lira. 
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of 80 mm. of Hg as before. Two minutes later the toes and foot twitched 
involuntarily and in three minutes strong voluntary movements were possible. 
At the end of five minutes the heel could be raised from the bed, but no 
muscle power had returned in the other leg or the body generally. At the 
end of seven minutes the pressure in the cuff was released and two minutes 
later the muscle power was returning throughout the body. Tive minutes 
after the release of the pressure the patient was sitting up, but the injected 
leg w^as still the stronger, and one minute later she w^as walking and the two 
legs appeared to have recovered equally (Table V). 

TABLE V. (Pationfc W.). 

Effect of prostigmin by intra-arterial infection. 

Prostigmin 1-0 mg. in 0-5 c.c. into left femornl nrtery with venous compression in 
middle of thigh. 

Toca and ankles twitching involuntarily. 

Strong dorei and plantar flexion of ankle. 

Heel raised from bed, no improvement on right side. 

Venous compression released. 

Sti-ength returning throughout body. 

Eight leg raised from bed, not so strong as left. Sitting up. 

Walking. Eight log as strong as loft. 

Disemsion. 

The immediate and local effect of prostigmin by intra-arterial injection 
and the rapid general recovery of muscle power when tlie di'ug w'as aliow-ed to 
enter the general circulation, point to a peripheral site of the lesion in 
myasthenia gravis — probably the neuro-muscular junctions — and so support 
the conclusion of Pritchard (29) -who studied the form of the myogram in 
this disease. The delayed effect of the choline esters when given by the same 
route makes it difficult to believe that they acted by being conveyed directly 
to the neuro-muscular junctions, except in the case of carbaminoyl choline, 
w’^hen slight immediate recovery occurred in the injected leg, to be follow^ed 
later by the delayed recovery in the muscles of the body generally, similar 
to that following acetyl /3-methyl choline and acetyl choline. Carbaminoyl 
choline is much more stable than acetyl choline (17) and it is probable that 
the immediate effect of the former w'as the result of some of the drug injected 
reaching the neuro-muscular junction before it W'as hydrolysed. Acetyl 
^-methyl choline is also more stable than acetyl choline, hut has little 
nicotine-like action and when given by quick intra-arterial injection has no 
muscle stimulating action in the cat similar to that of acetyl choline, and so 
would not he expected to act, even if it reached the neuro-mnscular junction 
(1). In the case of acetyl choline, the vasodilatation that followed imme- 
diately. was evidence that the drug had reached the surface capillaries before 
it was hydrolysed, but the difficulty of applying it sufficiently.rapidly and 
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directly to the neuro-musciilar junction to affect voluntary muscle before it 
is hydrolysed, has been pointed out by Brown, Dale and Feldberg (3). The 
delayed effects of each of the esters following intra-arterial injection were 
essentially the same as those that followed their administration by 
subcutaneous injection, and were similar for each of the three esters, A 
gradual absorption of small amounts of the esters from the site of sub- 
cutaneous injection and their conveyance as such to the neuro-museular 
junction is not supported by these results. Other possibilities that could 
account for their effects are (1) that they have a more central action on the 
nervous system, or (2) that they are utilised after absorption and hydrolysis 
for the synthesis of acetyl choline, or (3) that thej’ are utilised after absorption 
for the elaboration of a precursor which breaks down to form acetjd choline 
on the arrival of the nen’e impulse at the neuro-muscular junction. A fourth 
possibility, that the administration of the choline esters produces a lowering 
of the esterase activit}* similar to the action of prostigmin, can be eliminated, 
for Hall, Ettinger and Banting (15) found no significant alteration in the 
esterase activity in the serum of dogs on prolonged administration of acetyl 
choline, and we have found no change following the injection of carbaminoyl 
choline in two healthy adults, who experienced colicky abominal pains at 
the time the esterase activity of the serum was estimated, showing that 
the effects of the drug were then present. We have also found that the esterase 
activitj’’ of serum is not depressed by the addition in vitro of carbaminoyl 
choline and acetjd ^-methyl choline in concentrations much greater than 
could occur in the body following the injection of effective doses. 

In considering these hj’potheses account must be taken of the quantitative 
differences in the effects of the three esters, these effects being in the order 
of the stability of the esters. Their action must, therefore, be due to their 
presence in the body as esters and not merely as sources of choline, the common 
product of their hydrolysis ; and the failure to observe any effect from the 
injections or oral administration of choline is evidence in support of this. 
That the esters are utilised, after hydrolysis, in the synthesis of acetyl 
choline is, therefore, improbable. 

That acetyl choline has an action on the central nervous sj’stem has 
been shown (16, 30), but these effects are inhibited by atropine, and in our 
observations the effects were independent of whether atropine was given or 
not. Further, no eridence of a central lesion in myasthenia gravis has been 
produced. Acetjd choline has a stimulant effect on sympathetic ganglia, 
which is not inhibited by atropine ; the possibility of the choline esters 
acting through this mechanism has been considered, especially' in view of the 
beneficial effects of ephedrine in tlus disease. Both patients derive benefit 
from the oral administration of ephedrine, and believe that it potentiates 
and prolongs the effects of prostigmin. In patient W, intramuscular 
injections of adrenaline (0*5 mg.), ephedrine (64 mg.) and of benzedrine 
(25 mg.) had no effect on the myasthenia, but in patient C. both ephedrine 
and benzedrine produced delayed and prolonged recovery similar to that 
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immobilo \rith <lie lips sliglitly pnrlocl, and they conld bo retracted a little further. The left 
ej'elid could not bo raised, the right a quarter way. The pupils were moderately dilated, reacted 
to light, but not to attempted convergence ; the ej-eballs were immobile and tears collected in 
the conjunctir-al sacs. 2vo contraction of the mnssotors was perceptible. The tip of the tongue 
could bo protruded between the teeth, the palate was raised on phonation, swallowing was possible 
but tired rapidly, the voico was feeble. Shrugging of the shoulders was just possible, and the 
head was scarcely able to bo turned from aide to side. The respiratory muscles were feeble and 
mainly diaphragmatic. All movements of the upper limbs were possible but very wealc, the 
biceps jerks were present but weak, the other reflexes absent. The abdominal reflexes were 
present but weak, and the muscles of the abdominal wall could be felt to contract on attempting 
to sit up, but this could not be repeated. Ko eontraction of the muscles of the lower limbs was 
obseiwed, but the tendon reflexes were present , though feeble. Superficial sensations were normal. 
Micturition and defrccation were possible but difficult- X-ray examination failed to show 
enlargement of the thymus. 
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INSULIN RESISTANCE AND THE ARTERIOA^NOUS BLOOD- 

SUGAR DIFFERENCE. 

By W. J. GRIFFITHS."^ 

{From the Department of Chemical Pathology, St. Thomas's Hospital, London). 


We are passing tlirough a phase in the attack on the problem of carbohydrate 
metabolism -which ultimately may Trell prove to be as firuitful as the phase 
•which resulted in the discovery of insubn. The pituitary gland, long kno-wn 
to play a major part in the co-ordination of growth and metabolism, and to 
be concerned also with sugar utilisation in syndromes such as those of 
Cushing and Frohlich, is the focus of interest at the present time. 
Investigations on the relation of the pituitary to carbohydrate metabolism, 
which in their present aspect originated in the work of Houssay and Ms 
colleagues, have been described in detail by CoUip (5) and others (38 and 40), 
and it will suffice for us to indicate briefly those points of interest wMch 
more directly bear upon our subject. It has been shovm (a) that removal 
of the anterior lobe of the pituitary gland from the depancreatised animal 
ameliorates the diabetic condition (23) ; {b) that the hypophysectomised 
but other-wise normal animal is hypersensitive to insulin (8, 16 and 25) ; 
and (c) that injection of extracts of the anterior pituitar5^ produce resistance 
to the hypoglycffimic action of insulin, and even hyperglycemia and 
glj'cosuria (1, 2, 6, 10, 24, 31, 37 and 39). These researches afford con-rincing 
evidence not only that tlie diabetic sj'mptoms of the depancreatised animal 
arc, in part at least, due to the so-caUed diabetogenic influence of the 
pituitary, but also that an excess of this pituitary principle in the blood of 
an animal can produce hyperglycminia, glycosuria and resistance to the 
action of insulin. The application of this information, derived from animal 
experiments, to the problem of diabetes in the human subject is at once 
desirable and full of promise. 

The existence amongst diabetic subjects of a group in wMch it seemed 
possible that pituitar}’- dysfunction rather than insular insufficiency might 
be the mtiological factor, led Prof. De Wesselow and myself (9) to examine 
the blood-plasma of such patients for the presence of a pituitary -like 


* Henry Geotve riimmcr IVlIow. 
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substance. Using as a test the hypoglj^cseniic response of the rabbit to 
insulin given intravenous^, Ave were able to show that preAuous injection 
of the plasma of certain elderlj^ diabetics diminished the duration of the 
l^ypog^ycfeiiha, whereas the blood of young diabetics iras uniformly without 
this effect. It appeared to us that these findings are against the vicAV that 
disturbances of carbohydrate metabolism — apart from obvious pituitary 
conditions — are invariably due to a lack of insulin, and that their close 
similarity to those obtained by other workers Avith extracts of the anterior 
pituitary suggests that the blood of certain elderly diabetics contains a 
pituitary-like diabetogenic factor. 

The phenomenon of insulin resistance in diabetes is of interest in ricAr 
of the effect of pituitary extracts on the insulin response. In the early days 
of insulin therapy temporar}'- resistance to the hormone Avas frequently 
noted to accompanj’ infectious conditions ; also cases of unexplained 
resistance were recorded (see LaAAuence (30)). Resistance to the action of 
insulin AA'ith no obAuous cause is noAV aa’cII recognised, and during the last 
feAV 3'ears attempts have been made to classify diabetics according to the 
ease Aidth AA'hich thej’- respond to insulin ; Falta (II), HimsAA-orth (21) and 
MacBryde (32) have recorded the existence of insulin-sensitive and resistant 
patients. That the blood of certain elderty diabetics often juoduces in 
rabbits a kind of resistance to insulin raises the question of the tjs’pe ol 
response Avhich such subjects would shoAV to injected insAilin. We therefore 
decided to investigate the reaction of the Iaa’o classes of diabetic, the young 
and the elderly, to insulin. Further, we thought it Avould be of interest to 
study the behaviour of the arterio-venous blood-sugar difference (A.V. 
difference) after glucose and insulin in the tvro grouj^s, since Himsworth (21) 
has stated that resistance to insulin is accompanied by an impaired peripheral 
power of sugar utilisation. 

Experhnenial. 

Because the effects of msulin on the blood-sugar level in different 
subjects can be compared only when the imtial blood-sugar figures do not 
greatly differ from each other, the insulhi dej)ressiou curve cannot in general 
be used to assess insulin sensitivity. We have, therefore, used the convenient 
method described by Himsworth (21), which records the efficiency with 
which insulin is able to control the hyperglycsemia foUoAAing ingestion of 
glucose. The patient received no food or insulin after supper on the evening 
preceding the morning on which the test was carried out. After removing 
samples of blood for determination of the fasting sugar content, 5 units 
of insulin Avere injected intravenously and immediatel}* afterAvards the 
subject AA'as given 50 g. of glucose in 100 c.c. of water. Blood samples 
for sugar estimation were taken 30, 60 and 90 min. after injection of the 
insulin. The patients were confined to bed on the morning of the test. 

The sugar of arterial and A^enous blood was estimated by IffacLean s 
method on 0-1 c.c. of blood, Ai’terial blood Avas obtained by deep puncture 
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(3 mm.) of the pulp of the thumb or finger Avith a spring lancet ; the first 
drop of blood was iviped away and a 0-1 c,c. pipette filled with the blood 
as it issued from the wound. If at the beginning of the experiment the hand 
was cold, it was warmed in hot water for a few minutes, and in order to 
maintain as far as possible uniform conditions the patient was instructed 
to keep the arm from which the blood samples were to be taken under the 
bedclothes and close to the body during the intervals between bleeding. 
Usually the blood was easily obtained without mechanical aid, but occasion- 
ally it was necessar}* to employ gentle massage ; a tourniquet was never 
used. Immediateh' the arterial sample was obtained we proceeded to 
A^’ithdraw some venous blood. After sterilising the skin ndth ether a 
tourniquet was applied to the arm and without loss of time an antecubital 
vein was pierced with a fine needle attached to a small sjuinge and about 
0-2 c.c. of blood withdrawn. The blood was immediateh* transferred to a 
small vessel and 0-1 c.c. taken up in a pipette before sedimentation or clotting 
could occur ; no anti-coagulant was used. The use of a tourniquet greatly 
facilitates the venepuncture, and by independent tests we were satisfied 
that momentary stasis does not influence the blood-sugar. All samples 
were withdrawn from the same vein. As the entire operation ma}’ be 
performed in a little more than a minute the intcn-al between drawing the 
arterial and venous blood samples can be ignored. The following patients 
were studied : — 

1. Controls. Six subjects of various ages; 3 males and 3 females, 
suffermg from various chronic diseases but with normal carbohydrate 
metabolism, and on an ordinary mixed diet. 

2. Young diabetic subjects. Six females, of whom 5 were under tliirty, 
while in the remaining case the disease was detected at the age of 49. They 
were on carbohydrate rations of from 70-100 g. per day. with the exception 
of 2, who were receiving 190 and 240 g.. All were having insulin. 

3. Elderly diabetic subjects. Six females, between the ages of 51 and 
01, on carbohydrate rations of 70-100 g. per day. One onlj* was taking 
insulin. Tiie average weights were as follows : controls, 9 st. ; young 
diabetics, S .st. ; elderly diabetics, 10 st.. The cases were taken without 
selection, apart from age, from those admitted to our wards for stabilisation. 

Himsworth (21) deemed it desirable for comparative purposes that the 
patient.s should all be receiving approximately the same amount of 
carbohydrate. In all of our patients but two, who had been stabUised on 
ratlier high carbohydrate rations, this condition was observed. 

Results. 

The effect of tyisttlin on the arterial blood-sugar. In the normal subject 
tlic cftcct of insulin on the hyperglycemia resulting from the ingestion of 
ghuxwe — the so-called alimentary hypcrglyca.''mia — was ajqiarcnt in both 
arterial and venous values, but it will be advantageous to describe, in the 
first place, the changes which occurred in the arterial blood-suirar, since 
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these changes show the degree to which insulin was able to suppress the 
alimentary hyperglyccCinia, which, according to Himsworth (21), is a measure 
of the sensitivity of the individual to insulin. 

The curves obtained from the normal subjects after glucose, both with 
and without insulin, were averaged and are shown in Fig 1a. Insuhn 
caused a definite suppression of the hyperglycajmia, particularly at the 
30 min. period after its injection. A second depression of the blood-sugar, 
wliicli occurred 90 min. after insulin, was most probably due to endogenous 
insulin secreted in response to the rise in blood-sugar which followed the 
initial depression ; this fall in the blood-sugar at the 90 min. interval was 
a constant feature of the curves. 



Fig. 1. Average arterio-venous blood sugar curves from 6 cases in each group : A, normals; 

B, insulin -sensitive diabetics ; C, insulin-resistant diabetics. 

Continuous line = arterial blood sugar. Dotted line = venous blood sugar. 

Faint lines = glucose alone. Hea^•y lines = glucose and insulin. 

Inspection of the curves obtained on the young diabetics, examples 
of which are given in Figs 2, 3 and 4, shows that in every case the suppression 
of the blood-sugar by insulin was marked, so that the average curve of the 
series (Fig. 1b) shows complete abolition of the alimentarj'- hyperglyctemia, 
which after glucose alone averaged 130 mg./lOO c.c.. It udll readily be 
appreciated that the hj'poglyctemic action of insulin in these young patients 
was at least equal to that observed in the normal patients ; in other words. 




INSULIN RESISTANCE. 


95 


the}' were normally sensitive to insulin. Although it might appear that 
tliey vere more sensitive than the normal, it must be remembered that the 
high initial blood-sugar value is a factor which contributes to the effect 
of insulin. 

In the case of the elderly diabetics inspection of the results, typically 
represented in Figs 5 and 6, reveals at once that the response of the arterial 
blood-sugar to insulin, so pronounced in the other groups, was almost 
negligible. This finding affords the clearest evidence that these patients 
were resistant to insulin. In a few cases we tried the effect of giving larger 
doses of insulin : we found that in this way it was possible only to diminish 





Young tliabotics : cur\"cs slioiving scnsitivily to insulin. 


the blood-sugar rise by a relatively small extent. It will be observed that 
the sudden changes in the level of the blood-sugar, wliich give to the curves 
of the other groups a certain irregularity, are absent from the curves of the 
elderly patients, a finding which suggests a persistent and unyielding 
resistance to the action of insulin. 

The rffcci of insulin on the A.V. difference. The average arterial and 
venous blood-sugar curves of normal subjects after glucose alone, and after 
glucose and insulin, are shown in Fig. l.i. The A.V. differences which we 
obtained in these subjects under fasting conditions showed wide variations, 
but in all cases the arterial blood-sugar was at least equal to, and was often 
higher than, the venous value. The maximum difference was 40 mg. '100 c.c.. 
and the average value 11 mg./lOO c.c. of blood. These figures correspond 
witli those of Friedenson and his co-workers (to) for norma! students ; 
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other workers have recorded small positive differences with the exception 
of Grott (IS), who obtained a few negative differences in normal fasting 
subjects. We wish strongly to emphasise the almost complete absence of 
negative A.V. differences from our results on normals since, as we shall 
show in the next section, such negative differences occurred uith some 
frequency amongst the diabetic findings. The increase in the A.V. difference 
after ingestion of glucose is well-known, and is due to the peripheral action 
of insulin secreted in response to the rising blood-sugar. The effect of 
injected insulin on the A.V. difference in the normal was pronounced, and 
showed its maximum usually at the 30 min. period. It is possible, therefore, 




Fig. 5. ' Fig. C. 

Elderly diabetics : cim'es showing resistance to insulin. 


to demonstrate a two-fold effect of insulin given vdth glucose to the 
normal subject : (1) a suppression of the arterial hyperglyctemia, and (2) 
an increase in the A.V. difference ; these effects are manifested during the 
hour following injection of insulin. 

In our studies the behaviour of the A.V. difference in the j'Oung diabetic 
(Figs 2, 3 and 4) has shown a striking dej)arture from the normal. There 
was a tendency for the fasting A.V. difference to be negative, often to a 
considerable degree. Following glucose this negative difference was, in 
most cases, maintained ; there is, however, one outstanding exception in 
which an initial negative difference was converted to a positive value v^hich 
persisted throughout the experiment. It is clear, therefore, that so far 
from removing sugar from the blood in response to a rising blood-sugar, 
frequently the diabetic tissues continue, to a somewhat diminished extent. 
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to liberate sugar into the blood-stream. It is reasonable to suppose that 
this failure of the peripheral tissues to remove sugar from the blood as 
do normal tissues under similar conditions is a demonstration of the inability 
of the diabetic organism to produce insulin in response to a rising blood-sugar 
level. 

We have shown that the young diabetic is sensitive to insulin, and for 
this reason it might be expected that the hormone would alter the A.Y. 
difference. Inspection of the curves obtained after glucose and insulin 
(Figs 2, 3 and 4) shows this to be the case, particularly in certain experiments ; 
the average curves (Fig. 1b) show a definite, if transitory, action of insulin 
in this respect, though not in general powerful enough to produce a positive 
A.V. difference. It appears, therefore, that under the conditions of our 
experiments, there is a definite but variable effect of exogenous insulin on the 
A.V. difference of the j'oung diabetic. 

The behaviour of the elderly diabetics is of particular interest in view 
of their resistance to insulm. The fasting A.V. difference corresponded 
to that of the young subjects, a small negative difference being the rule 
(Figs 5 and G). After glucose the raaiority of the subjects showed a small 
change in the A.V. difference with the establishment of a positive difference 
at the 30 min. period, namely, at the time of maximum action of the insulin ; 
in the remainder the initial negative difference persi.sted, and in some cases 
increased in magnitude. Such positive differences tended to disappear 
after a time, with re-establishment of an excessive venous blood-sugar. 
In the case of the elderly diabetics, therefore, there is usually a slight and 
transitory increase in the A.V. difference after glucose (Fig. Ic). This is 
an interesting observation and suggests that in these subjects, despite their 
initial high level of blood-sugar, ingestion of glucose in some way increases 
insulin activity at the periphery. The response of the A.V. difference 
to glucose was little altered by the simultaneous injection of insulin, the 
average curves (Fig. Ic) showing no change ; this finding suggests that in 
these patients the peripheral action of insulin is enfeebled. We emphasise, 
however, that there is, on the average, very little difference between the 
jjcripheral effects of insulin in the sensitive and resistant cases ; that in both 
these groups these effects are considerably less in evidence than in the normal 
subjects ; and that in contrast, the difference in the response of the arterial 
blood-sugar to insulin in the two groups is striking (Fig. 1). 

The naUirc of the reducing substance in arterial and venous blood. In 
order to determine if a substance other than glucose is responsible for the 
reducing power of venous blood, when this is higher than the corresponding 
arterial blood, sugar estimations were carried out before and after treatment 
of the blood filtrates with yeast as described by Peters and van Slyke (35). 
Using MacLcan's method it was found that all but a mimitc fraction 
of the reducing substances in blood are removed by yeast, and that 
there is no significant difference between venous and arterial blood in 
this respect. 
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Discussioji. 

The A.V. difference. Since Foster (13) introduced the simultaneous 
determination of the sugar content of arterial and venous blood as a means 
of stud 3 dng the rate of removal of sugar from the blood b}’- the tissues, 
numerous workers have used this method for investigating the peripheral 
utihsation of sugar under various conditions . In our work we have frequently 
obtained values for the sugar of venous blood which exceeded those of the 
corresponding arterial blood bj’- more than the experimental error involved 
in the determination. It is interesting to note that while such negative 
differences were rare in normal subjects thej’’ frequentl 3 ^ occurred in 
diabetic individuals ; in normals 2% only of the total determinations 
were negative, whereas in both t 5 q)es of diabetic negative differences 
constituted 60% of the total. A perusal of past records reveals that negative 
values, often of considerable magnitude, have been obtained by a number of 
investigators, in normal subjects after insulin and adrenahne (17 and 18), 
in diabetics (4, 18, 28, 29 and 36), and in the depancreatised animal (14 and 
19). Negative differences have been observed in the fasting normal subject 
(15 and 18), but apart from this there is hardl 3 ’^ any reference to their 
occurrence under strictl 3 ’^ ph 3 'siological conditions. 

That at certain times the venous blood is found to contain more reducing 
substance than the corresponding arterial blood has as yet no satisfactor 3 ’^ 
explanation. We are satisfied that the production of stasis for a short 
period before withdrawal of venous blood is \vithout effect upon the blood- 
sugar. We have shown, also, that the reducing substance is removed by 
yeast. The frequency of negative values in the diabetic and their rarity 
in the normal subject, although exactly the same technique was used in all 
experiments, seems definitely to exclude an accidental origin, and we conclude 
that the difference is a real one. 

When we try to explain these negative A.V. differences we are at once 
on difficult ground. The excess venous sugar might be derived either from 
the glycogen of the tissues, or from the free sugar stored in them ; a more 
remote possibUity is that the sugar is formed from some non-reducing 
precursor in the arterial blood during its passage through the tissues. It 
can be said at once that it is most rmlikely that the source of the sugar is 
the glycogen of the muscles. We Imow from the experiments of Mann and 
Magath (33) on the hepatectomised animal that even under conditions of 
extreme need the muscles are unable to 3 deld their gl 3 mogen to the blood as 
sugar. We must, therefore, turn our attention to the free sugar of the 
tissues. Lawrence (29) suggests that because, in his experience, negative 
A.V. differences occur at a time when the diabetic subject is uninfluenced 
by insulin, this hormone causes the tissues to store more sugar than they 
can retain when its action ceases. Bose (4), whilst remarking the failme 
of many investigators to comment on the negative differences which appear 
in their work, is inchned to agree with Lawrence. 
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Althougli -n-e are not in a position to bring fresh evidence vre emphasise 
that the negative A.V. differences are characteristic of the diabetic state 
and consider this fact to be verj’^ important. It is at least possible that these 
abnormal differences are in some rray related to the presence of excessive 
quantities of/ree sugar in the tissues, and that this sugar accumulates because 
of some impairment of the action of, or deficiency in, insulin, n-hich under 
normal conditions promotes the vtilisaiion of sugar, either by oxidation or 
by conversion to glycogen. Especially when the blood-sugar is high, the 
tissues are able rapidly to absorb sugar from the blood and to retain it, at 
least temporarily, as free sugar ; indeed, the avidity of the normal tissues 
for sugar is remarkable. Folin and his co-workers (12) found that within 
5 min. of iniecting 2 g. of glucose per kg. body-weight into a nephrectomised 
dog about 70-80% of the injected sugar had passed from the blood to the 
tissues, and that after a lapse of 20 min. the muscle sugar had increased 
by about 100 nig.% ; by this time the muscle glycogen had scarcely altered. 
Furthermore, these workers found that when the blood-sugar level was 
rapidlj’ raised to 700 mg. % there was an immediate and rapid transference of 
sugar to the skin, in which the concentration often rose to 300-500 mg. %. 
In the case of the skin particularly, but also in regard to the muscle, as the 
blood-sugar fell the process was reversed, and sugar diffused back into the 
blood-stream. The high blood-sugar common in the diabetic would favour 
the accumulation of sugar in the tissues, and because of the relative weakness 
of insulin action a large proportion of this sugar might remain unchanged. 
It seems possible, therefore, that the excess sugar in the venous blood of the 
diabetic is derived from sugar wliich at some earlier time has been taken up 
and retained as such by the tissues and skin during a hyperglycmmic phase. 
This simple explanation is not, however, in harmony with the experimental 
findings. Firstly, one would expect that after a fasting period of 12-15 
hours equilibration of the tissue-and blood-sugar would be complete, 
whereas negative differences frequently occur at this time ; secondly, if 
diffusion alone is responsible, negative differences should be confined to 
times when the blood-sugar is falling, but this is not the case. The existence 
of a negative difference coincident with a rising blood-sugar is, at the moment, 
inexplicable. It seems to us unlikelj* that changes in the rate of blood-flow’, 
or in the degree of hydration of the blood, enter into the problem. Marks (34) 
has shown that extracts of the anterior pituitary diminish glycogen formation 
in the muscles under the action of insulin ; the possibility that this is effected 
b 3 ' a transformation of muscle glj'cogen to sugar, though it seems unlikeh', 
deserves investigation. 

The nalurc of insulin resisla7ice. It has been shown that according to 
their response to the insulin-glucose test diabetics fall into two groups, 
namelj', the insulin-sensitive, and the insulin-resistant. In our work we 
were not directl v concerned with the possibiliU' suggested b\' Himsworth that 
diabetics might be U'ped according to their response. It happened that the 
young patient.s were imiformh* sensitive, and the elderly patients resistant, 
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but we hesitate to conclude that this is always the case ; the possibility of a 
differentiation on the basis of the insulin-glucose test is being more fully 
investigated. Our interest centered on the arterio-venous blood-sugar differ- 
ence, and on the mechanism of the resistance exhibited by certain diabetics. 

The metabolic changes which occur in the normal subject as the result 
of the simultaneous administration of glucose and insuhn are identical with 
those which are associated with the fall of the blood-sugar to normal levels 
after ingestion of glucose, and which must be ascribed to the presence of 
endogenous insulin. In all diabetics these signs of the production of ioRnlin 
are largely lacking. In the case of the sensitive diabetic the pronoimced 
effect of injected insulin shows quite clearly that their defective metabohc 
response to glucose is due to a deficiency of insulin, a \dew wliich is in accord- 
ance with that of Falta (11), Himsworth (21) and MacBryde (32). On the 
other hand, the defect in the resistant diabetic is probably not directly the 
result of a lack of insuhn because, as we have shown, when insuhn is injected 
into the blood-stream its metabohc action is but feebly exerted. We 
ma}’’ assume, therefore, that any endogenous insuhn that might be produced 
in these subjects would hkewise be unable to exert its normal action on the 
metabolism of carbohydrate. The resistance to insuhn wliich is manifested 
in these patients must be due to some extra factor which acts antagonisticahy 
towards insuhn ; it is at least possible that their symptoms are largely, if 
not entirety, due to this anti-insular influence. 

At which point in the process of carbohydi'ate metabohsm is this 
anti-insular effect exerted 1 Under fasting conditions the sugar in the blood 
is in process of transit from the main storehouse, the hver, to the places of 
consumption, of which the chief is muscle. At such times its concentration 
in the blood represents a djmamic equhibrium, shght displacement in one 
direction or the other being immediately compensated by fine adjusting 
mechanisms at present httle understood. Gross disturbances of the blood- 
sugar level, such as occur after ingestion of carbohydrate, or during the rapid 
utflisation of carbohydrate in the muscles during exercise, are corrected by 
more powerful agencies, the pancreas on the one hand and the thjToid-adrenal 
system — ^possibly under the control of the pituitarj’^ — on the other. As 
regards the pancreas we know that in response to the increase in blood-sugar 
which occurs during absorption of carbohydrate, insulin is secreted ; that 
this insuhn acts upon the hver, tending to stem the flow of sugar from that 
organ, and that it also acts upon the peripheral tissues, causing them to 
abstract more sugar from the blood passing through them ; by these means a 
gross increase in the concentration of sugar in the circulating blood is 
prevented, and the normal fasting level is m time restored. Thus it wih 
be obvious that two distinct spheres of insuhn activity exist : the central, 
or hepatic, sphere ; and the peripheral sphere. It foUows that if in. a given 
subject ins nhn fahs, either entirety or partially, to prevent hyperglycaBmia 
during absorption of glucose it must be because it is prevented from exerting 
its effect at either, or both, these sites of sugar uthisation. 
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In the normal subject the peripheral action of insulin is clearly shown 
by the increase in the NN , difference which occurs after ingestion of sugar, 
and by the fact that injection of insulin increases this difference. In view 
of the magnitude of the A.V. diffeieuce during the action of insulin, and 
the large mass of muscle in the body, it is probable that the removal of sugar 
by the peripheral tissues is mainly responsible for the prevention of excessive 
hvperglycsemia during the early stages of absorption of carbohydrate from 
the gut. As soon, however, as the tissues are replete with sugar, the hepatic 
storage mechanism must be called into action to control the blood-sugar 
level ; evidence for this is afforded by the diminished byperglyommia which 
follows a second dose of sugar given after a short interval. In sensitive and, 
to a large extent, in resistant diabetics in onr experience the A.V. difference 
is not increased after sugar •, partly for this reason, and partly because the 
passage of the absorbed sugar through the liver continues unchecked, the 
blood-sugar reaches high levels and a large proportion of the ingested sugar 
is excreted in the urine. There is, therefore, in diabetes a partial breakdown 
of the peripheral mechanism for dealing with sugar, and in addition the 
central storage of sugar is impaired. In the case of the sensitive diabetic 
we have found that injected insulin causes the peripheral tissues to retain 
more of the sugar contained in the blood passing through them, but because 
the extent of this effect is less than in the normal with the same dose of 
insulin, whereas the absolute diminution of the hyperglycffimia is greater, 
it appears highly probable that the hepatic mechanism is chiefly influenced* 
witli the result that less of the sugar absorbed from the gut escapes through 
the liver into the general circulation under the action of insulin, a view which 
is in agreement with the e.vperimental work of Cori and Cori and Goltz (7) 

In other words, in the sensitive diabetic, as in the normal subject, insulin 
promotes storage of sugar in the liver. 

On the question of insulin resistence we do not find ourselves in complete 
agreement with the concUision of Himsworth (21) that the principal site of 
failure of insulin action is in the peripheral tissues. There is evidence of 
peripheral utilisation of sugar in the resistant patients after ingestion of 
glucose, and in general this peripheral activity is little affected by injection 
of insulin. In tliis sense it might appear that these patients are resistant 
to the peripheral action of insulin, but it can be no more than a partial 
explanation of their resistance. In comparison with the normal both 
sensitive and resistant cases show, in general, a smaller peripheral response 
to insulin. Ulien, however, the peripheral effects of insulin in the two 
types arc co]np.ired, the difference is insufficiently great to warrant the 
conclusion that the comparative absence of change in the arterial blood-sugar 
curve of the resistant diabetic after insulin is due entirely to impairment 
of the jicriphcral action of insulin. It appears to us more probable 
that the resistance exhibited by these patients is mainli* due to some 
weakening of the normal influence of insulin in promoting storage of suo-ar 
in the liver. ° 
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If insulin resistance is indeed a hepatic phenomenon a further similarity 
between the resistant diabetic and the animal receiving extracts of the 
anterior pituitary is established. According to Houssay (23) the anterior 
pituitary does not exert its diabetogenic influence in the toad in the absence 
of the hver, but this is perhaps not surprising in view of the severe disability 
of the hepatectomised animal. The role of the liver in insulin sensitivity 
is emphasised by the work of Cope and Marks (6) who were able to show that 
administration of pituitar}' extracts to an animal increases its sensitivity to 
the hyperglycjemic action of adrenaline ; and that in the absence of the 
pituitary adrenahne is unable to raise the blood-sugar from hypoglycsemic 
levels. This S 3 mergism between the pituitary and adrenaline is also apparent 
in the work of Kepinov (2G). It would seem, therefore, that the pituitary 
is able to oppose the action of insuUn by rendering the liver glycogen more 
susceptible to the mobilising action of adrenahne ; this was termed bj' 
Young (40) the glycotropic action of the pituitary. Wilde it is doubtful 
whether this glycotropic stimulus could ever be called into play^ at the normal 
level of blood-sugar, it is even more unlikely to occur at the h 3 ’^perglyc£emic 
levels of the diabetic, unless, as Falta (11) has suggested, the threshold of 
the stimulus is abnormal in the resistant diabetic. For tliis reason it is 
necessary to postulate the existence of another pituitar 3 ’^ factor, the 
gl 3 mogenol 3 ’’tic factor (Young), which causes an intense release of sugar from 
the hver, and which is supposed to be responsible for the h 3 ’^perglycaemia 
which results from the continued injection of anterior pituitary extracts 
into animals, an effect which is not necessarily an accompaniment of the 
gtycotropic, or adrenahne sensitising, action of these extracts. It is possible 
that tins gl 3 mogenol 3 dic effect leads in turn to an increased rate of gluco- 
neogenesis. Thus two modes of hberation of sugar from the hver are 
implied, in both of which the pituitary exerts its influence : adrenahne 
(sympathetic) release, an emergency reflex mechanism s 3 Tiergised by the 
glycotropic factor ; and the continuous supply of sugar to the blood to 
compensate for the metabohc consumption of carbohydrate, a process which 
is augmented by the glycogenolytic factor. Our observations on the human 
diabetic suggest that disorders of carboh 3 ^drate metabohsm may involve 
two such factors. While from our previous experiments (9) we formed the 
opinion that the change in the insuhn response of the rabbit is due to the 
presence of the adrenahne-sensitising factor in the positive sera, the present 
work suggests that the failure of insulin to control the rise in blood-sugar 
resulting from ingestion of glucose in certain diabetics is due to the presence 
of an excess of a gtycogenolytic factor acting upon the liver. In this 
connection it is of interest to note that Kepinov and Petit-Dutaillis (27) claim 
to have demonstrated the presence in the blood of the diabetic animal of a 
substance capable of raising the blood-sugar of a recipient animal rendered 
sensitive by a pancreatic graft. 

Some interesting experiments carried out by Boiler and his co-workers (3) 
have a possible bearing on our work. These authors found that, whereas 
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f • V to the blood of sensitive diabetics could 

btXoXted by some of the blood into an insulin-sensitive 

diabetic ’ Thev suggested that the blood of the insulm-resistant diabetic 
might contain'a substance ^bich antagonises the actmty of 
detection in human blood of a substance capable of raising the fasting 
blood-sugar level of an animal has not, so far as ue are awe, been reported. 
In order to raise the fasting Wood-sugar of animals mth pituitary preparations 
a course of injections over periods of several daj^s or months is necessary ; 
the effect develops only slowly and a single injection of blood-serum cannot 
therefore be expected to yield a positive response. 

ScjKIAKY AKD COXCLUSIOKS. 

The effect of an intravenous injection of insulin on the rise in arterial 
blood-sugar following ingestion of glucose was studied in a number of normal 
and diabetic subjects. Some diabetics are sensitive to insulin, which either 
diminishes or abolishes the rise in arterial blood-sugar as in the normal ; 
others exhibit considerable resistance to the hormone so that the arterial 
hyperglycjemia is little affected. 

A study of the arterio-venous blood-sugar difference revealed that in 
spite of the disparity in the effects of insulin on the arterial blood-sugar in 
these patients there is no corresponding difference in the peripheral action 
of the hormone, which in both types is less than it is in the normal 
subject. For this reason we conclude that although in aU diabetics there is 
an enfeeblement of the peripheral action of insulin, resistance to insnlin as 
determined by the insulin-glucose test is mainly due to the inability of the 
hormone to exert to the full its control over the storage of sugar in the liver. 

The frequent occurrence of negative A.V. differences (venous sugar 
exceeding arterial) in the diabetic, and their rarity in the normal subject, 
is discussed. At the moment no completely satisfactory explanation of these 
negative differences is possible. 

In the preseiit state of our knowledge it appears that the insulin-sensitive 
diabetic is suffering from a lack of insulin, and that the symptoms of the 

factor uhich opposes the action of insulin on the storage of sugar in the liver, 
is discosid. ® ’• ^ patient and pituitary dysfunction 
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THE EFFECT OF DIFFERENT DIETS ON THE INSULIN 
SENSITIVITY OF DIABETICS.* 

By WILFRID INGRAM CARD. 

(From the Medical Unit. St. Thomas's Hospital). 


The use of high carbohydrate diets in the treatment of diabetes dates back 
to the last century at least. In 1871, Donkin (7) was undoubtedly obtaining 
beneficial results in many cases by employing his “ slammed millc cure.” 
This consisted in giving nothing but skimmed milk daily up to 7 pints. 
Assuming the ordinary composition of skimmed milk this is equivalent to a 
l,o50 calorie diet with 214 g. of carbohydrate. 142 g. of protein and 13 g, of fat. 
The improvement he obtained in many cases was undeniable and was 
measured by observations of the urinary specific gravity, urinary volume, 
qualitative tests for sugar and gain in weight. Up to the end of the pre- 
insulin era this diet was periodicaEy in vogue. We find the same type of 
diet hiding under many different aliases. Thus von Noorden (22) proposed 
the “ oatmeal cure.” In favourable cases the glycosuria rose initially but 
afterwards sank or disappeared after one or more oatmeal periods. In 1911, 
Klemperer (20) introduced periods of glucose feeding to his diabetics and 
was similarly able to show lessening of the glycosuria as a result of this 
feeding. This method has been rediscovered by Gibson (12) who reports 
that periods of feeding on sugar accompanied by increased insulin produce 
increased tolerance and that, as a result, in certain young subjects dietary 
management alone without insulin may control the diabetes. There does, 
therefore, appear general agreement over a period of some 50 years, that 
amelioration of diabetes may occm: after periods of feeding on a high 
carbohydrate diet. The results recur so constantly in past records that they 
cannot be disregarded. They indicate that the diabetic patient’s response 
to carbohydrate is in some way modified by his recent dietetic experience. 

No valid explanation of this paradox has been put forward. 

In 1919, Haraman and Hirschman (14) carried out experiments on normal 
subjects which have some bearing on this phenomenon. These patients 
were given repeated doses of glucose and the resulting blood sugar curves 
jilottccl. They found that the response of the blood sugar to the sccqtd 

• I’.ir! of the troric iraa done under the tenure o{ a Perkins Fenoirship. My host timnks 
nte due to profc?-»c'r de Wessclovr {or much help in the prepnmtion of this pnj-er. 
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dose of glucose was less marked than the first and that a flatter sugar tolerance 
curve resulted. The phenomenon was later studied by Stauh (27) and 
Traugott and usually goes under the name of the Stauh -Traugott effect. 
Hamman and Hirschman noted a similar but slighter effect in diabetics 
and suggested that there was no qualitative but only a quantitative difference 
between the carbohydrate metabofism in normals and diabetics in this 
respect. This response to repeated doses of sugar produces such progressively 
lowered sugar tolerance curves that, in a renal diabetic, Gibson and Larimer 
(13) were able to provoke hypoglycsemic symptoms by such means. 

In 1927, Sweeney (28), showed that glucose tolerance curves were 
materially modified by the previous diet. His subjects were young healthy 
males and the diet was adhered to for two days before the test. Those on a 
diet rich in carbohydrate showed a marked increase in sugar tolerance as 
measured bj’- a flatter curve compared vuth patients previously on a fat or 
starvation diet. Hynd and Rotter ( 1 8), in 1 93 1 , attempted to show variations 
in sensitivity towards insulin of animals on different diets. They showed 
that laboratory animals fed on a carbohj’^drate free diet though showing no 
change in muscle and diminished Hver glycogen are less sensitive to insulin 
injections than those fed on a carbohydrate rich diet. It was easier to 
convulse animals who had been on a carbohydrate rich diet than those who 
had been on a carbohydrate free diet. This work has been recently followed 
by a series of papers bj’’ Himsworth (15, 16, 17) in which he confirmed the 
fact that in healthy human subjects changes in the composition of the diet 
altered the tolerance to sugar as measured by an ordinary blood sugar curve 
and also tested the reaction to insulin as measmred by the fall of blood sugar 
after a standard injection of insulin. He attempted to correlate the two 
phenomena and was able to express the correlation by a straight line. This 
indicated that any increase in sugar tolerance prompted by a diet high in 
carbohydrate was entirely accounted for by the increased insulin efficacy 
obtained. The “ sensitisation ” of insulin he suggested was due to a 
hypothetical activating substance secreted by the liver. 

If this hypothesis is correct it has an obvious bearing on the working 
of higher carbohydrate diets in diabetics. It is an established chnical fact 
that certain diabetics if changed to an equicaloric diet but containing raised 
amounts of carbohydrate do not require any increase in their insulin dosage. 
The papers of Ellis (8), Richardson (24), and Ercklentz (9) among many 
others document this observation. Can we explain this undoubtedly 
increased tolerance on the supposition that their insulin is in some waj^ more 
active and eS'ective ? The following experiments were carried out to test 
this theory ; while the}^ were in progress some work by ]MacBr3'^de (21) 
appeared on similar lines. 

MacBryde measured the response to subcutaneous and intravenous 
insulin of patients on different diets. On the basis of their response to insulin 
he divided them into insuhn sensitive and insulin insensitive groups. He 
found that the former failed to gain tolerance on higher carbohj’^drate diets 
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■ivhile the resistant cases were invariably able to do so. This gain was 
accompanied by an increase of insulin sensitivity in certain cases. He 
measured carbohydrate tolerance by glucose tolerance curves done from 
fasting blood sugar levels and then measured the area enclosed or the 
percentage rise in blood sugar. Results from these two measurements were 
widel}- discordant in some cases and it is not clear that the sugar tolerance 
curves were carried out from the same blood sugar levels and are therefore 
comparable. The conclusion cannot be drawn from his work that there is an 
invariable association between changes in sugar tolerance and in the response 
to insulin. His paper serves to emphasise the great difiBculty in investigating 
this subject and the contradictor}" results obtained. 

Methods. 

Untreated diabetics were put on a diet and a dose of insulin so adjusted 
tliat a small amount of sugar was excreted. When the sugar excretion was 
stable an insulin depression curve was obtained. They were then transferred 
to an cquicaloric diet containing larger amounts of carbohydrate, the dose 
of insulin remaining constant. In favourable cases the sugar excretion was 
onh’ slightly increased and when this was stable a further insulin depression 
curve was obtained. Bj" comparing the areas of these two curves any 
change in tlie power of insulin to lower the blood sugar on the two diets was 
elicited. 

Tlic first essential was to obtain patients who showed increased sugar 
tolerance as measured by their ability to utilise nearly all the added 
carbohydrate since only then could any useful attempt be made to compare 
the areas of their insulin depression curves. If a patient was unable to 
tolerate the added carbohydrate the experiment was not proceeded with, 
.since there was no point in comparing the effectiveness of insulin in such a 
case apart from the added difficulty that the noon blood sugar was naturallj’ 
juuch higher and direct comparison of the curves therefore imwarranted. 
Tlie results of Collens and Grayzel (17), who investigated the response of 
diabetics to intravenous insulin, indicate that the percentage drop in blood 
siigar after a standard dose of insulin is proportional to the initial height of 
the blood sugar. This necessary limitation natiwally excluded many patients 
and in particular it was found impossible to increase the diet in obese 
diabetics without nearly all the added sugar being excreted. This is in 
accord with the experience of Richardson though directly opposed to the 
experience of MacBryde. Other cases which had to be excluded were those 
in which any infection intervened, in one c.ase a severe cold and in another a 
middle ear infection, since this inevitably produces a variable disturbance 
on insulin action. 

Only j'rcviously untreated diabetics were used for e.xperimcntal purposes, 
liiey were given an initial diet of about 30 calorics per kilogr.ain with protein 
to the extent of It g. per kilo. In the first period an actual c.arbohydratc 
content of visually 100 g. was given. In the second dietetic period the calorie 



108 


W. I. GAUD. 


value of the diet was kept constant, the protein values remaining unchanged 
but the carbohydrate fraction of the diet was raised by 100 grams and the 
fat fraction correspondingly reduced. It was in diets vdth carbohydrate 
values between 100 and 200 g. that Hirasworth (17) found the greatest 
changes in insulin sensitivity in the normal. The carbohydrate was appor- 
tioned throughout the four ineals in the proportions of one-tliird, one-sixth, 
one-sixth, and one-third. It was not possible to continue the experiment 
by a further alteration of the diet since the patients were unwlling to remain 
indefinitely in hospital. Their usual stay was a month. The diets were 
carefully checked by the Dietetic Sister for any wastage. Since exercise 
j)roduces profound changes in the blood sugar, the patients were either kept 
at rest for the whole of the experimental period or were allowed up for 
two hours in the evening and walked round the ward. No change in the 
amount of the exercise was allowed during the experimental period. It 
was not thought possible to evaluate carbohydrate tolerance by emplojang 
the ordinary sugar tolerance test since this must have been carried out at 
different blood sugar levels and might have been affected by the height of the 
renal threshold and subsequent excretion of sugar. The amount of insulin 
was arranged in the first dietetic period so that when stabilised a few grams 
of sugar were being excreted daily. The importance of securing this minimal 
excretion of sugar in order to transfer successful!}’’ the patient to the higher 
diet without obtaining much added glycosuria was not initially realised. 
The insulin was given in two doses before breakfast and supper. A twenty- 
four-hourl}’’ collection of urine was made and the sugar estimated daily by 
Bertrand’s method. It was found in general that the excretion of sugar 
remained reasonably stable ; a few patients exhibited wide variations for 
no apparent reason. In patients Avho were obviously making no effort to 
ensure a full collection of urine, the experiment was discontinued. At the 
end of a period on the initial diet AA'hen the insulin had been adjusted until 
the daily excretion of sugar Avas 5-10 g. and and been stable for a week an 
insulin depression curve AAns obtained. This aaus done at 12 noon some four 
hours after breakfast and insulin, AA'lien the blood sugar level AA-as relatively 
constant. Its approximate height aa^s knoAvn b}’’ previous blood sugar 
estimations done at this time for some days preAdously. The patient Avas 
either AA^heeled into a room at the end of the AA’ard or AA^as surrounded by 
screens to avoid any change due to emotional disturbances. Resting blood 
samples were taken in the supine position, 5 units of crystalline insulin were 
given into the brachial vein of the opposite arm and blood sugar samples 
taken thereafter at two minute intervals for the next twenty minutes. 
Crj’stalline insulin AA'as used in order to avoid an initial hyperglycseu’da. 

The techniqtre of obtaining comparable blood samples at these intervals 
caused some diffmulty, but we finally used a tourniquet on the thumb 
getting blood from^he side or root of the nail vdth a triangular needle. 
It AA^as found that if the thumb is kept warm, if the blood is obtained Avith a 
deep prick immediate!^ the tourniquet is applied, blood samples corresponded 
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lo the Jjlood obtained from the u'arm pulp of the thumb. ITith some 
practice 0-1 c.c. of blood can be obtained w-ithin 1-5 seconds of starting to 
apply the tourniquet. The crux of the matter lies in keeping the thumb 
rcall}' warm. The patient should feel warm and be in a warm room, he or 
she should have the arm covered from shoulder to wrist either with . pyjamas 
or bed-jacket, the hand should be kept under the bed clothes the whole 
time except when samples are being withdrawn and the hand should lie 
on a hot water bottle and be covered by an electric pad. Under these 
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rig. 1 (Cu'C 2, E-S.). 


conditions blood samples corrc.spondcd accurately to those obtained from 
the warm jndp of the thumb. It is important to adhere strictly to this 
routine if consistently reliable results arc desired. In two cases, in addition 
to the cajnllary blood samples, venous blood samples were taken, .^ftcr 
the insulin was injected the syringe was left in situ and venous blood with- 
drawn after a .short time. A further venous sample was taken at the 
conclusion of the experiment in the same way. The earlier blood .siicars 
wore estimated by the Folin-Malmros method, usin" duplicate estimation-' 
on 01 c.c. of blood, but later the Uagedorn-’Jcn-en method was u-sefl. 
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As a test of the blood sugar method, a series of blood samples was 
udthdrawn from a normal individual using the technique described. The 
error of the method was less than 3%. Insulin depression curves done on 
consecutive days showed an error of 9%. 

Fig. 1 shows a specimen graph representing the daily excretion of sugar. 
By reference to Table I it will be seen that on the first diet with a glucose 


SUGAR EXCRETED 
G. PER DAY 



Fig. 2 (Case 1. A.T.). 


Blood sugar mg./lOO c-C. 



equivaleirt of 179 g. and 30 umts of insulin an average of 12 g. sugar were 
excreted in the days before the insulin depression curve (I.D.C.). The 
glucose equivalent of the diets is calculated from the usual assumption that 
all of the carbohydrate, 10% of the fat and 60% of the protein are convertible 
into glucose and are in fact so converted. After the change over to the higher 
diet the sugar excretion rises abruptly and the insulin had to be temporarily 
increased to 00 units a day. It wms then reduced to 40 units, 36 units and 
finally 30 units a day. ^ome patients were able to take the increased diet 
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wthout this temporary increase of insulin, (Case A.T., Fig. 2) in others 
the insulin had to be increased initially and then slowly reduced. In a 
.similar type of experiment, Ellis was able to reduce the insulin dosage from 
192 imits to 9 units a daj’ in one case. The sugar excretion on the second 
diet -ttith the same insuUn was 18-5 gms. a daj*. The patient therefore 
showed an apparent increase in carbohydrate tolerance since she Avas able 
to utilise nearly all the added carboh3'drate. 

At the points marked I.D.C. insulin depression curves Avere obtained 
in the waj' described. These are shown on Figs 3 and 4. By referring 
to the column marked I.D.C. (Table I) the area described beloAv the resting 
IcA'cl is given in milligram minutes. This area Avas measured by redraAA’ing 


Blood miir 
nj.'lOO tc 



rig. 4. Insulin depression curve. 


the ciirA'C on a large .scale and using a planimeter. It i.s arbitrarily limited 
bj- the line draAvn at 20 minutes. This figure is preceded bv a number 
denoting the height of the blood sugar levels from Avhich the cur\'e starts. 
In this case the levels differ In* 13 mgms. and the resulting areas should be 
comparable. It will be seen from the last column there is an increase in the 
area of the I.D.C. of 24 mg. minutes. This increase of is within the 
limits of error of the method, and in this case no increase in insulin cflicacv 
has been demonstrated. The results of other patients arc similarh- tabulated. 

Tavo patient.s (F.W. and G.G.) shoAved no change in the I.D.C. area^ 
on the tAAo tlicfs. In the otlicrs increase or decrease of tlie I.D.C. areas 
took plaw. The results Avere a\'cragcd bA* adding together all the initial 
areas and all the final areas. The.se come to 2.990 me. minute.' and 3.022 me. 
minutes n^speetiveh' ; an insignifu'ant increase of .V!l the e.A'Cs i-n 
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glycogen stores in the liver, the less glycogen the easier were convulsions 
obtained. Himsworth found on normal subjects that the depression curve 
was steeper and more pronounced in those fed on a carbohydrate rich diet. 
It is possible that the different results may be explained by the different 
types of animals used, namely, omnivora, carnivora, lierbivora, thougii 
Himsworth’s work on human subjects appears conclusive. 

Again it is not clear how much this improved effect of insulin in animals 
on different diets is due to increased peripheral utilisation or to diminished 
sugar production in the liver. An experiment of Sosldn’s (26) may throw 
some light on this question. He measured the fall of blood .sugar in dogs 
after evisceration udiich had previously been fed normally or starved for 
three weeks. He obtained identical curves in both groups of animals. 
Now we know from numerous experiments on “ hunger diabetes ” (6) that 
the starved animal would have given a diabetic curve after glucose and 
IJresumably a diminished fall of blood sugar after a dose of insulin as compared 
with the normallj’^ fed group. The differences in the insulin depression curve 
would then have been due to the action of insulin on the liver since peripheral 
storage took place at the same rate in the two groups. If one could assume 
that insulin is relatively more effective in inhibiting glycogenolysis than in 
inhibiting gluconeogenesis the paradoxical effect of insulin on different diets 
might be explained. A greater fall of blood sugar would then be produced 
in those animals uith large amounts of glycogen in the liver and a smaller fall 
in those animals with less glycogen stored but a rapid rate of gluconeogenesis, 
In the case of the diabetic who is only under the influence of insulin for some 
12 hours out of the 24 it may be that on a higher diet of carbohj-drate increased 
storage of glycogen does not occur. If this is the case insulin depression 
curves would not show any alteration. This explanation is admittedly 
highly speculative, but in view of Soskin’s work it seems that in the past 
too little attention has been paid to the role played by the liver. 


SUItIMAEY. 

1. Previously untreated diabetics were observed on two equicaloric 
dietetic periods, the second containing an increased amount of carbohydrate. 

2. Then daily urinary excretion of sugar was measured as an indication 
of their sugar tolerance. 

3. At the end of each dietetic period an insulin depression cui’ve was 
obtained after the intravenous injection of 5 units of insulin and its area 
measured. 


4. In 9 unsolected cases no signifi.cant difference was found between 
the sum of the areas of the first insuUn depression curves and the sum of the 
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areas of the second, though all these patients could utilise most of the added 
carbohydrate. 

5. It is concluded that the capacity to utilise increased carbohydrate 
shown by certain diabetics when transferred to a higher diet bears no constant 
relation to the phenomena studied in the insulin depression curve. 
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It would seem that unless skin and bone blood flow vary greatly and within 
wide limits, the upper part of the forearm offers a suitable preparation for 
the plethysmographic study of muscle blood flow in the human subject. 
We shall here deal only briefly with some of our observations on blood flow 
in active muscle and confine our attention to other aspects of the lim b 
circulation. 

In the first place u'e find that Hewlett and Zwaluwenburg’s (S) method is 
not always suitable for measuring blood flow in patients in whom the main 
arteries of tlie limb are blocked. The method consists essentially in 
measuring plethysmographicaUy the rate of swelling of the limb when pneu- 
matic pressme is applied above the plethysmograph to a degree sufficient 
to arrest for a time the venous outflow, but insufficient (less than diastolic 
pressure) to obstruct arterial inflow. The pressure commonly used lies 
between 50 and 70 mm. Hg. It is clear, however, that when the main 
arteries are blocked and circulation is maintained through smaller collateral 
vessels, the pressure in which cannot be estimated, the application of these 
or lower pneumatic pressures over the collateral vessels may compress them 
and materiall}'^ reduce or even arrest arterial inflow. For example, in one 
patient in Avhom the subclavian artery had been tied, the application of a 
])ressure of 50 mm. on the upper arm arrested blood flow to the forearm. 
Inflow curves were obtained b}’^ using lower congesting pressures. The 
blood flows estimated from these were so much smaller than those indicated 
by skin colour and temperature, that we believe even the low congesting 
pressures used reduced arterial inflow. 

Secondly, we find that in normal subjects, tlie blood flow measured in 
this Avay does not represent only the arterial inflow to the portion of the 
limb enclosed Avithin the cuff plethysmograph, as LbaaIs and Grant (12) 
assumed. The venous filling of the enclosed portion of the forearm may be 
considerably influenced bj' the venous retmrn from the part Ijdng distaUy 
to the plethysmograph. To ensure that the infioAv curves measured in this 
AA^ay represent arterial inflow to the enclosed part of the limb alone, the 
distal circulation requires to be arrested bj’' a sphygmomanometer cuff 
applied to the forearm immediately below the plethysmograph. In some 
circumstances there is but little difference between the blood flows measured 
Avhen the distal circulation is free and when it is arrested ; in others the 
difference is stiking, the blood floAV being much less when the distal cuff 
is inflated. We have not found it necessary to define precisely the factors 
controlling the difference, but the chief appears to be the rates of filling of 
the venous reservoirs in the two parts of the arm when the congesting pressure 
is applied. It seems that if the distal veins fill more rapidly than those 
enclosed AAuthin the plethysmograph then blood passes from them into the 
forearm A’^eins, thus adding to the rate of swelling in the enclosed portion 
of the limb. In practice, a considerable reduction in the forearm blood 
flow by arresting the distal circulation indicates a greater blood flow in the 
distal than in the enclosed portion of the limb. The difference between the 
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blood flows, however, can only be nsed as an index and not as a measure of the 
distal blood flow. An example of the effect of arresting the distal circulation 
is given in Fig. 1 , which shows the forearm inflow curves in a resting normal 
subject Achen cold (left hand curA-es) and when Avarm (right hand curves). 
Tlic uj)per curA*es AA'ere inscribed AAdth the distal circulation free, the lower 
ones Anth this arrested. In the cold subject the slope of the inflow curve is 
but slightlj* reduced, AA’hile in the AA'arm subject the reduction is to about 
one third of the previous angle. (See also Fig. 7, page 132, for corresponding 
blood floAvs). Separate obsen'ations on the hand and forearm sIioaa' that in 
tlie cold subject the blood Aoav is no greater in the hand than in the forearm. 



I'ig. I. I'orcnnn infiow rurvcs ; left ImiiU curves with boily cold ; richt hand curves witli botiy 
hot. Up[v'r curves with distal circulnti'ni free, lower curves with distal eirculation arrested. 
D.S. 2.;!.37 ; limb volume oOO c.c. ; bath tcmi>craturc 30' ; room fcmperatiue 1 1-5°. Time 
marked in .>-econd«. 


Avhilc in tlie warm subject, the liand blood flow greath* surpasses that in 
the more jtroximal part of the limb. 

Furtlicr observations made in this Avay liaA'c revealed important 
tlifforcnces betAveen the circulation in the forearm and that in the hand. 
Before tlisctissing these a word is required about plcthysmographic methods. 

Mctho>l. 

The details of the cuff ])lcthysmograph and of the method of measuring 
tlie blttod flow liavc already been fully described (S. 12) and it is unnecessary 
liero to do more' titan indicate tlie main points of these and the modifications 
now retjuired. As originally devised the plethysmograph Avas a truncated 
et'ue of ttluminium. the Iavo cuds of Avhich AA-crc closed by fitting OA-cr each 
rubber tyre tubing and inserting the arm through the holes. This form is 
suitable only Avhen the arm is at rest. When the muscles are contrac ted 
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leaks are liable to develop between the rubber and the skin, at the grooves 
between the muscles. We have therefore modified the plethysmograph 
by placing inside the cone a sleeve of thin rubber which fits the arm loosely 
The ends of this sleeve are everted and fixed over the ends of the metal cone. 
To prevent folds of this sleeve from blocking the months of the outlet tubes 
of the pleth3>'smograph (whicli happens occasionally) an inner cone of per- 
forated metal sheeting is inserted between the outer cone and the rubber 
sleeve. To prevent the sleeve from bulging at the ends it is here supported 
by stout rubber sheeting fixed to the plethysmograph over the everted ends 
of the sleeve and through which holes are cut to the shape of the forearm. 
The records obtained rvith this modified pIeth3’'smograph .do not differ from 
those of the original ; it does not leak and in spite of vigorous and repeated 
contractions of the forearm muscles does not alter its position on the arm. 
The other details remain as previousl5’’ described. Wlien the plethysmograph 
is in position on the arm it is fiUed noth water under pressure to ensure that 
all air is removed and that the sleeve is closel3’’ applied to the arm and to the 
rubber diaphragms at the ends. A finger is inserted under these diaphragms 
to let out an3’^ air beneath them. The pressure is then released and water 
Avithdrawn until onl3’ a short column remains in the vertical outlet tube. 
This wide tube is connected to a float recorder ufith a vertical vTiting lever, 
a device which greatl3’' facilitates the estimation of blood flow from the 
inflow curves ; the recorder usually emplo3’’ed gives an excursion of 4 to 
5 mm. to 1 c.c. change in the pleth3’'smograp]i. A sphygmomanometer cuff 
is applied to the lower forearm immediatel3^ below the plethysmograph. 
This cuff can be inflated from a reservoir (usuall3' at a pressure of 200 mm. Hg) 
Avhen it is desired to arrest the circulation to the hand and loAA'er forearm. 
To obstruct the veins for measuring blood flon% a second cuff is applied to the 
upper arm. This can be rapidl3’^ inflated at aauII from a reservoir maintained 
at a pressure of 50 to 70 mm. Hg. Lilce Lewis and Grant (12) ve have 
obserA''ed the precaution before beginning observation of resting the subject 
for at least half an hour with the pieth3^smograph in position, the cuffs 
applied and the arm in a Avater bath maintained at a desired temperature, 
usually 30 ''C. Prolonged rest is necessary because of the long lasting nature 
of the Amsodilatation provoked b3'- previous use of the arm. It is important 
to haAm the subject as comfortable and relaxed as possible ; tension on the 
muscles of the forearm or movements of other parts of the body ma3'' materi- 
ally alter th^blood flow through the arm under observation. It is usually 
unsatisfactoryYor this reason to prolong observations beyond two hours, 
since after tha^time the subject becomes uncomfortable and restless. We 
chose 30 °C for arm bath as a temperature that neither constricts nor 
dilates the limb v^sels unduly and is not far removed from the usual surface 
temperature of thd exposed forearm. Previous observations on the fingers 
and hand shoAved u^that at this temperature reflex changes of volume are 


* Ivrogli, Lante and Turner (9) have used a similar modification. 
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well displaj’cd, lower temperatures tending to interfere -witli dilatation and 
higher nath constriction. We have also controlled the state of the cutaneous 
vessels by keeping the subject comfortably warm, cold or hot according to 
the circumstances. We shall see, however, that whether the subject is hot 
or cold makes but little difference to forearm blood flow. The forearm has 
been slightly dependant, on a level with the xiphisternum : the total pressure 
on tlie arm veins due to gravity and the plethysraograph has been no more 
and usually less than 10 mm. Hg. Xo advantage is gained by raising the 
arm above the heart level. 

Arrest of the circulation to the hand and lower forearm can be 
maintained without material discomfort for 30 to 45 minutes but it is not 
usually necessary so to maintain it. There is no difference between 
the resting blood flows recorded at intervals over a period of lialf an 
hour when the circulation to the hand is maintained arrested and those 
when the distal circulation is arrested intermittently, wliile the inflow 
curves are inscribed. It is our rule to allow an interval of 10 to 15 
seconds to elaj)sc between tiie inflation of the lower cuff, to arrest the 
distal circulation, and the inflation of the upper cuff to inscribe the inflow 
curve. Inflation of the lower cuff causes a transient increase in forearm 
volume owing partly to blood being c.vpellcd from the lower forearm and 
partly to the cuff itself pressing against the lower end of the plethysmo- 
graph. Tlic increase subsides and the base line is again straight nithin 
10 or 15 seconds. 

When the above precautions arc observed and the cuff below the 
j)lcthysmograph is inflated, the base line written by the recorder is usually 
remarkably level and successive estimates of blood flow agree closely. Sueli 
variations of volume and blood flow as occur in the forearm under resting 
conditions are considerably less than those seen in records from the hand, 
and specially from the fingers alone. Wc give the following as an e.xample 
of successive forearm blood flow rates taken at half minute intervals in a 
resting subject maintained comfortably warm; 1-2, 10, 10. 0-9, 1-2, 1-4. 
1-0. M, 1-S. 0-S, 0 9, 1-4, and 1-4 c.c. per 100 c.e. limb volume per minute 
or an average of 1-2 c.c.. Taken again 15 minutes later the flows were 
O S, 10, 1*0, 10, M, O S. 1-0, 11, 1-4 and 1-4, an average of 10 c.c.. A 
point of interest i.s that these apparently si)ontaneous variations arc as a 
nilc oppo.sifc in direction to those occurring in the hand. Simultaneous 
records from one hand and the other forearm show that when limb volume 
and blood flow dimini,<h in the hand they usually increa.^c in the forearm. 
'J'lic.-^c small variations in blood flow are in chief part vasomotor in origin ; 
they aie greater in some subjects than in others and arc almo-t aboli-hcd by 
sym))athcctomy. Because of them it is our custom in estimating rcstin:: 
blotnl flows t<'> take the average of three suct'cssivc inflow curves. Each 
t'urve is inscribed for a period of 10 secotids, with an interval of 5 to lo 
seconds between each to allow the curve to return to the origiiial 
baso line. 
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We have also applied the cuff plethysmograph to the calf of the leg, 
using a A\dder metal cj^Hnder to allow of its shpping over the ankle. The 
occluding armlet is appHed immediately beneath the plethysmograph and 
the congesting armlet above the knee. The knee is partly flexed over the 
end of the water bath ; the foot and thigh are held in position by sandbags^ 
the muscles being relaxed. The subject lies on pillows, the plethysmograph 
being at or slightlj^ above heart level. 

A number of observations have also been made on the hand and on the 
fingers alone. For the hand we have used a metal cylinder closed at one 
end and with a rubber diaphragm at the other, through a hole in which the 
hand is inserted. For the fingers, separate narrow metal cj’-flnders are 
apphed to one or more fingers which are inserted through rubber diaphragms 
covering one end of the cyhnders ; at their other ends the cjdinders are 
connected to one recorder. The congesting armlet is applied to the wrist. 
Estimates of blood flows in the hand and specially in the fingers are not 
very satisfactory when blood flow is rapid ; the inflow curves run straight 
for only two or three beats before cmving horizontally. This happens even 
vdth plethysmographic pressure under 10 mm. Hg and with the hand above 
heart level and seems to be due to the small capacity of the local venous 
reservoir in relation to the very copious arterial inflow. In the forearm and 
leg, however, the venous reservoir being apparently so large in relation to the 
blood flow, except after strenuous exercise of the muscles, the inflow curves 
run straight for many beats, thus allowing a more accurate estimate of the 
rate of flow^ Under resting conditions, the forearm inflow curve will rise 
for 2 or 3 minutes, showing a volume increase of 20 to 30 c.c., before curving 
towards the horizontal. Such long inflow’’ curves show small departures 
from the straight line, corresponding to the spontaneous variations of blood 
flow’, Thej’^ are of service in recording the fleeting changes in response to 
various stimuh wliich are hable to be missed when shorter successive curves 
are inscribed. 

We have used another method for estimating blood flow’ in forearm, 
hand or fingei^s of a given hmb by enclosing the whole limb to the elbow in a 
long metal cylinder. A sphygmomanometer cuff is apphed to the wrist. 
The fingers and thumb are arranged round a cyhndrical rubber support 
so that they are held parallel and a narrow cuff is w’rapped round their bases. 
The rubber tubes of the finger and wrist cuffs are led outside the plethysmo- 
graph and connected to reservoirs from which the cuffs can be inflated at 
will. The metal plethj’^smograph is made in tlxree sections to facihtate the 
introduction o:^he arm with the cuffs apphed. The congesting armlet is 
apphed above t]^elbow. In this way, records can be obtained from the 
whole arm and wltJ&^the circulation to the fingers alone or to the whole hand 
arrested. The volumes of the parts are measui’ed by displacement ; the 
blood flow’s to the fin^rs, hand and forearm can thus be estimated. The 
results obtained with th^plethysmograph are in good agreement -Nvith those 
made w’ith separate inst\iments. 
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Difference? beiween the circulation in the distal and proximal parts of the limb. 

Beactive hyperaemia. In view of the effect of the distal portion, of the 
lirab on the blood flow to the part enclosed -within the plethysmograph vre 
have repeated the obseir\*ations on reactive hyperaemia made by Le-wis and 
Grant (12),* but find that the values obtained by them require no material 
modification. The forearm blood flow immediately following the release of 
circulatory arrest lasting for periods up to 15 minutes is iust as great when the 
distal circulation is arrested as when it is free and our results agree closely 
with those previously obtained. The onh' diflfcrence is that when the distal 
circulation is arrested the h^'perremia declines quicker than when it is free, 
being curtailed bj* 1 or 2 minutes. This speedier decline in reactive 
hyperremia can also be noted in the skin flush. The circulation to both 
arms is arrested and released simultaneously, while that to one hand is 
maintained arrested. The forearm flush fades one to two minutes earlier 
on the side on which the hand circulation is arrested. 



Kis:. 2. I'yWiirni voltmic curve ; inrrenw followitif: lorid now (lU nrrow.*'). I).S. <>.3.37 ; 
eonifortnbly warm. I.iinl) \x>liimc COO o.c. ; batli temperature SO’ ; room teinj)erature 13'. 
Time marked in seconds. 


Sensory stiiinili. Another diflcrcncc, with which we shall deal only 
briefly is the response to sensory stimuli applied to the body. As is known, 
the general effect of sensory stimuli on plethysmographic records taken 
from the hand and forearm ns a whole, or the hand alone, is a fall in volume 
and a reduction in blood flow. A few authors (for e.xample, Maragliano 
and Lusona (13)) have recorded dilator rcsponse.s as occurring occa.donally. 
In previous and unpublished observations by one of us (11. T. G.) dilator 
responses were never observed ; the constrictor re.sponscs were found to bo 
greater in the hand alone than in the hand and forearm together and in the 
lingers than in the hand. \Vc now find that just as tlie forearm differs 
from the hand and fingers in its apparently sjwntancotis variations so it 
difiers i!i its re.'-ponscs to sensory stimuli, tiuch stimuli as a loud noi'^e. 

• It tr.ny W' tl.At 1 vm” r:v.ikin.;? , 

it V ii* ittir h li!t itic niHw^TtiunT'krtJ^incn t Ir'.’’ Ltnrrt t.'i ci ?'*■ *\ » 

-•K.T.G. ' j . r , 
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betM'een 1 and 2 c.c. iier 100 c.c. limb volume per minute. Right cervical 
ganglionectomy was performed for relief of symptoms in the right hand ; 
sweating was abolished from the arm after operation. Blood flow to the 
right forearm 19 hours after operation was between 5 and 6 c.c. but declined 
in the course of a few days and, by 9 days after operation, had fallen to and 
thereafter remained at about the original level of 1 to 2 c.c.. Fifteen days 
after ojDeration successive injections of 2 gamma adrenaline raised the blood 
flow of the left forearm to 10 to 13 c.c. per 100 c.c. limb volume per minute. 
These observations on the greater dilator response to adrenaline when 
vascular tone has been regained after sympathectomy in man are in agree- 
ment vdth the earlier work of Dale and Richards (1) on the cat. They 
show clearly, as Dale and Richards (1) first pointed out (see also Grant (4)) 
that the factor responsible for the regain of vascular tone following 
sympathectomy is not circulating adrenabne. jNIoreover, it is clear that 
ovdng to the rapid regain of vascular tone, the finding of a lower blood 
flow some time after sympathectomj^ than was obtained by body warming 
before operation cannot be iised as evidence for the existence of vasodilator 
nerves as it has been by Prinzmetal and Wilson (16). 

Change of body icmxierainre. A further difference, and one that we 
shall consider in detail, lies in the responses to change of body temperature: 
The large vascular changes that occur in the hands and feet when the body 
is warmed or cooled are well known. With the forearm alone, however, we 
find that whether the body is cold or hot, unless it is heated to an unusual 
degree, makes but little difference to the resting blood flow. We vdll take 
first the effects of cooling the body. 

(o) Effects of cooling the body. In this connection we had in mind 
Rein and Schneider’s (17) observations on the dog, that cooling the body 
causes not only vasoconstriction in skin but vasodilatation in voluntary 
muscle. In view of the large proportion of muscle and the low values of 
the resting blood flow in the human forearm, if any material increase of 
muscle blood flow occurs on cooling the bodj’’ this ought to appear as an 
increase in forearm flow. In the resting subject maintained comfortably 
warm, forearm blood flow remains at a level of between 1 and 2 c.c. per 
100 c.c. limb volume a minute. On numerous occasions we have thoroughly 
chilled the resting subject by exposing him naked to the air of a cold room 
at a temperature of 12 to 15°G for periods up to IJ hoius. We do not wish 
here to deal vdth the effects of shivering, and usually under these conditions 
the onset of shivering is long delayed, often not occurring till the subject 
begins to dress at the end of the observation. Occasional short bouts of 
shivering may happen, but these are controllable voluntarilj’’. It is of 
interest to note, however, that uncontrollable shivering maj^ be provoked 
by a further cold stimulus, as by immersing the feet in cold water or bj^ a 
draught of cold air on the body. Prolonged cooling in this way is not 
accompanied by an increase of forearm blood flow. Rather, blood flow 
falls gradually and slightly, usually to about 0-S c.c. and on occasion to as 
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low as 0-5 c.c, per 100 c.c. limb volume per min.. In the hands and fingers 
under these conditions blood flow also falls to the same low levels. It is 
clear from these obseiwations that there can be no material, if any, increase 
in the circulation through the limb muscles when the subject is cooled. 
For e.varaple, in one subject maintained comfortably warm, forearm blood 
flow was C c.c. for an arm volume of 500 c.c. (S5% muscle and 9% skin). 
After cooling blood flow fell to 4 c.c.. Even if we take the unlikel 3 - extremes 
and, neglecting bone circulation, suppo.se that when the body is warm, 
muscle blood flow is practicalh' zero, and that when cold the skin blood 
flow is almost at a standstill, then the maximum possible increase of muscle 
blood flow, is from practically zero to 4 c.c. for 425 c.c. of muscle, or 0-9 c.c. 
per 100 c.c. of muscle. Other observations on skin and muscle temperature 
support this view. It is well knorni that when the bod}’ is cooled the tempera- 
ture of the fingers falls rapidly towards that of the surrounding air. We 
find that forearm skin temperature also falls progressively towards room 
temperature. The rate of fall is much slower than in the fingers, but this 
can be accounted for by the greater bulk of the part. The rate of faU of the 
forearm skin temperature in a still room is but little increased by arresting 
the circulation above the elbow. For example, the difference of the 
temperature of the two forearms, in one of which the circulation was arrested 
for lialf an hour was no more than 0-5'C at the end of the time, room 
temperature being 15-5'C. We have also measured the temperature of the 
forcann muscles by inserting into them to a depth of 2 or 3 cm. a needle 
thermal junction of the type dc.scribed by Harris and Marnn (7). In the 
resting arm, muscle temperature lies two to four degrees higher than skin 
temperature and when the subject is cooled this temperature falls progressively 
at a rate not much .slower than that of the overlying skin. For example, 
in a resting subject exposed to room air of 15'C, a needle junction, the tip 
inserted 2 cm. beneath the surface of the dorsum of the forearm, recorded 
a temperature of 341'C ; that of the overlying skin was 32-9‘C. Both 
tomperaturc.s fell slowly and steadily. After 75 minutes muscle temperature 
was 29-4'^C and skin temperature 27-4°, a fall of 4-7® and 5-5® respectively. 
These observations show clearly that in man resting muscle blood flow is 
very small and that if it is increased at all by cooling the body, the 
increase is so small as to be negligible. It seems to us probable that the 
nnisclc vcs.'cls arc not affected through the sympathetic nerves by changc.s 
in body temperature and that the small decrease of forearm blood flow on 
cooling the body is due to vasoconstriction in the skin. 

(6) Effects of body irarmiiiy. We now come to the effects of warming 
the body. In thc.=e ob.scrvations, we have usually first cooled tlic re.--t!ng 
subject by exposing him lightly clad to room air for a period of from a half 
to one hour. In warm weather cooling ha.s been increased by imtncr.-irn: 
the leg-; in cold water or by blowing a draught of a fan acros.-; the boJv, or 
b}' both. .'\f the end of thi« time the c.xposed e.xtrcmities are C'-Id and ti;c 
blix'd flow to the hand, fingers ami forearm has fallen t<i about 1 c.c. t-r a 
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little more or less per 100 c.c. limb volume per minute, the average forearm 
blood flow rate in eleven observations on three subjects being 1-3 c.c.. The 
body is then warmed by covering the trunk with a blanket and immersing 
the legs in hot water until the subject feels hot and sweats, and the opposite 
exposed hand becomes flushed and hot. Warming in this way causes a great 
increase in blood flow to the Angers and hand, where it rises to between 
20 and 30 c.c., and to between 10 and 20 c.c. respectively per 100 c.c, limb 
volume, per minute. In the forearm, as is illustrated in Fig 5, thei’e is but 
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Fig. 5. Effect of boclj’’ wanning on forcarm blood flow and on temperature of opposite liand. 
R.B.i’. 2S. 10. 3C. Eight forearm in cuff plethj-smograpb ; forearm volume 600 e.c . ; bath 
temperature 30° ; room temperature 16°. Upper eiu-ve, forearm blood flow measured with 
distal circulation arrested and charted in c.c. per 100 c.c. h'mb volume per min.. Lower 
curve, temperature in °C at base of nail, left index finger. Body warming shown by lien\-j- 
linh,^ begun at 42 minutes and continued throughout. 

little ch^ige, the blood flow rate rising only to between 1-5 and 2-5 c.c., 
the averag^n tlie eleven observations already mentioned being 1-7 c.c.. 

It is po^ble to interpret the small increase of forearm blood flow as 
due either to va^mdilatation confined to the skin or to a larger change in the 
skin together witii\a decrease in muscle circulation. We have alread3^ seen 
that anjr material change in muscle flow is unlikelj’- and further observation 
supports the formeiNniterpretation. It is to be remembered that owing 
to the small proporti^ of sldn a small increase in forearm blood flow 
represents a considerably greater increase in skin flow. In the example 
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illustrated in Fig. 5, the blood flow rose from 6-7 c.c. to 11-0 c.c. for a forearm 
volume of GOO c.c., skin being 11% of the volume. If the increase is due to 
cutaneous vasodilatation alone this means an increase of 4-3 c.c. for 66 c.c. 
of skin or 0-5 c.c. per 100 c.c. skin. As will be seen shortly, body warming 
in the waj’ described causes neither flushing nor warming of the forearm 
skin and it is clear therefore that the increase in blood flow must be relatively 
small ; it must be smaller than that giving rise to the flare. I^'e have 
compared the mcrease of blood flow due to body warming with that due to 
the active hyperjemia caused by pricking in histamine or morpliine at spots 
sufficiently numerous to provoke a bright flare over the whole forearm. 
This widespread flare raises skin temperature by 2 or 3°C* and blood flow 
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Fip. fi. llffoct of (loro on lorcnrm blood flow. K.B.P. 11.11. 3C. Right forenrm in cuit pletliys • 
inoprnpli ; fotvnnn voluino C20 c.c. ; bath temperature 30° ; room feroperature 14°. Fore- 
arm blood flows measured with distal circulation arrested, and ebarted in c.c. per 100 c.c. 
limb volume i>or min. At A, between 43 and 48 mins., ns a control measure, wrist cuff 
removed and plctbysmogmpb slipped dovm to wrist, cxpo.=ing upper forearm ; 10% morpbino 
tartrate pricked into numerous spots in upper arm, producing n wide.spread flare ; 
spbygmomnnomctcr and cuff replaced and blood flow readings resumed. At E, betrecen 
03 and 00 minutes same manipulations carried out except that morphine pricked into 
nninerons sjxitB all over forearm skin to Ik? enclosed in plethr-smograph. 


lo nhnut 2 c.c. ])cr 100 c.c. limb volume per minvite, the average of 9 obsertva- 
tious on 3 suhjcct.s being 2.2 c.c.. These observations are illustrated in 
Fig. 6, In this example, taken from the same subject as Fig. 5. forearm 
blood flow iticreascd from 6-0 to 13-2 c.c. for a forearm volume of G2.j c.c. 

skin). Calculation in terms of skin alone shows that the cutaneous 
blood flow was increased by lO-o c.c. per 100 c.c. skin by the flare. This is 
considerably greater than that caused by body Avarming and is in kcepinir 
with the diflerencc in skin colour and temperature. We have obtained 
similar results in a ]3aticnt sufl'ering from urticaria from cold ; the application 
of water at a temjDcraturc as high as 26'C provoked a full urticarial resiion-o 

• AiH-r-rtiiiiv: to and Gmiil (H). hi-itaminf privk*‘‘i ituo tke fvin ann r.ii'- » .‘kir. 

tio inorr' tlinn O-o to but wc find tbf' to K' Tl-c rt : 

jvirl ly to i)n' fiu't tl;At Imvr pn^%-4>krd n ’vridor Fj'rciid firm* by mTkir;:: r v.* j ri'J.* » *. ' T o 

nrx n of ^kirv and ^wirtly to n dlflorcnot' in tb-o initial fldn temp'^raturr'. Ir- i* nir t 

(!l) j. r.K fort nmi hkin t<f inpomtiin.' nlrvruy bi^b (C'> to Tl ) J •' v- < 

lirn brsl iti ; in our roof'nt ob^- rvntJ'’r.< ibo fcri'ftrtn Jmd fi-- r.: •- ■'■i 

tnjv-tnttiri' 1 »vtr (27 to 2S Cy 



132 ‘ 


GRANT AND PEARSON. 


from the forearm skin. In this patient as is shown in Fig. 7, body warming 
raised forearzn blood flow from a level of between 0-5 and 1-0 c.c. to between 
1-5 and 2-0 c.c., while as Fig. 8 shows, the temporary application of cold 
water to the forearm within the plethysmograph to produce a full urticarial 
reaction raised the blood flow to between 2-5 and 3-0 c.c. per 100 c.c. limb 
volume per minute. Here again the active vasodilatation in the skin due 
to the urticarial reaction causes a small increase in forearm blood flow 
which, however, is greater than that due to body warming. 

In the fingers, where from X-ray examination we estimate skin and 
subcutaneous tissue to form about 50% of the volume, we have seen that 
body warming raises blood flow from the same low levels as in the forearm 
to as high as 20 to 30 c.c. per 100 c.c. finger volume per minute or in terms of 
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Fig. 7. Effect of bodj" warming on forearm blood flow in tv patient suffering from urticaria 
from cold. B.C. 24.11.36. Bight forearm in cuff plethj'smograph ; forearm volume 
GOO (SC. ; bath temperature 30° ; room temperature 13°. After 47 minutes’ rest body 
warining begun and continued throughout as shown by liea-vj* line. Blood flows measured 
with distal circulation free (broken line) and arrested (continuous line) and charted in c.c. 
per 100 c.c. limb volume per min.. CSompare lower curve with Fig. S. 

skin alone to #0 to 60 c.c. per 100 c.c. skin per minute. From these 
observations, eveh allowing for the small proportion of sldn in the forearm, 
it is clear that the increase of blood flow provoked by body warming is muck 
less than in the dis^ parts. 

We have alreadyNnentioned that in contrast to the hand, the forearm 
skin is neither flushed nok^jrarmed by warming the body. In this connection 
it is to be pointed out tl^ just as venous blood returning from the hand 
exerts a considerable influe^e on the blood flow measured in the forearm 
when the distal circulation^ fres so it also modifies eonspicuouslv the 
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temperature of the forearm skin ; to measure the surface temperature due 
to arterial blood supplied to the forearm alone, the circulation to the hand 
requires to be arrested. The earher observations of Le\vis and Love (13) 
on the effects of cold bear on this point. Thej shou'ed that if congestion 
is caused and maintained in the arm, and the hand is immersed for a fev 
minutes in ice cold crater, the skin over those superficial veins \rhich carry 
tlie blood away from the hand is cold ; this coldness spreads very slowly 
up the arm and the skin may be chilled in the line of the vein as far as the 
elbow. Further observation under more usual conditions, without congestion 
and the hand exposed to room air, shows that the venous retiun from the 
hand not only modifies but is a chief factor controlling the temperature of the 
forearm skin. The warming and slight flushing of forearm skin that occur 
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Fig. 8. Kflect of urticarial reaction on forearm blood flow in .«ame patient ns in Fig. 7. Siame 
conditions as in Fig. 7. Blood flow measured only witli distal circulation arrested. .After 
33 minutes' rest, the warm water in tlie pletliysmograpli was drained oS and water at ICC 
was circulated for 5 minutes ns sliotvn by hcn\-y line in tlie chart ; water at 30° was rcplaitd 
at 3S minutes and blood flow readings resumed. Tlie patient experienced sccero itching 
of the forearm and at the end of the obserwation the skin within the plethj'smograph was 
noted to be completely whealed. Blood flotvs charted in c.c. per 100 c.c. limb \-olumc jior 
ininiilo. 

when the bod}' is warmed is due entirely to the venous return from the hand.* 
If the circulation to one hand is arrested, forearm skin on that side remain.^ 
pale and cool as is illustrated in Fig. 9. Moreover, the warm venous blood 
returning from the hand comes mainly from the fingers. If the circulation 
to the fingers and thumb is arrested by constricting rubber bands, the skin 
temperature of the rest of the band and of the forearm warms more eloxrly 
Ihnu when finger circulation is free and rises rapidly when the hand.? arc 
removed. 

These findings are consistent with the plcthysmographic observation? 
just described. They indicate that wliilc body warming greatly increa.se.' 
the circulation in the hand and specially in the finger.?, it o.au.sc.? nc’ more 
than a slight increase in the forearm. Corresponding observations on the 

that iljo effect i.'? prcatc^t o\'cr t!ic Inrj:c vein? ar:d riia-t fonv. tc frerr. t} 
Sf'itic* nreac may t'o found, dopendinc on the dUtribution of ti.^ in rtVtrr* 

fioin the has no cii^tinet cfTert on fort'.irrn skin 
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blooked. When 10 minutes’ circulatory arrest is used, the flush and rise 
of skin temperature (no more and usually less than 1°C) which come quickly 
on both sensitive and anjesthetic areas on restoring the circulation are of the 
same degree and duration on both. We are unable to account for the slight 
differences in our resrdts. It is clear, however, that the vasomotor effects 
of nerve block are strildngly greater in the distal than in the proximal parts 
of the limbs and correspond closely vdth the effects of body warming. We 
can therefore accept the conclusion that the differences are to be attributed 
to the distribution of the arteriovenous anastomoses. 

Previous work (6) has shown that the anastomoses in the hands and 
feet are of chief importance in maintaining the warmth of these parts when 
exposed to cold ; but it was thought, in contrast to what was demonstrated 
in the rabbit (5) that, OAving to their limited distribution, they cotdd play 
but a small part in regulating body temperature. The new observations, 
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Fig. 10. Eiso of skill and muscle temperatures due to exercise of forearm muscles. D.S. 
12.10.36. Temperatures of skin over dorsum of forearm and from thermal jimction in muscle 
2 cm. beneath surface. Forearm cooled by exposure for an hour to room air at IS^C. Hea^-^• 
line shows duration of exercise of lifting and dropping hand once a second. 


however, extend the part played by these vessels in temperature regulation 
both local and general. It is clear that return of blood from the extremities 
through the capacious plexus of superficial veins of the limbs must exert a 
considerable influence in regulating body temperature ; the cooling effect 
of exposing and bathing the limbs in warm weather is a matter of common 
experience, and in the laboratory we know how readily body temperature 
is altered by immersing the limbs in hot or cold water. Again, the venous 
return must be effective in maintaining the Avarmth not only of the hands and 
feet but also of the more proximal parts of the limbs AA^hen the anastomoses 
are opened up by local cold ; it is to be remembered that the local vascular 
reaction to cold in the forearm and leg is insufficient by itself to maintain 
.skin temperature. 
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Influence of mnecle blood floio on sJcin temperature. 

T +• -n -trit.Vi the foreaoine: observations ^ve -were led to enquire 

.iX"d 

hypothenar m^des waima 

Se side of tie haod by as muoi as 5" to 8"C snthm too nnnutes. 

Tf 5=! not clear bow this warming comes about. _ , . . 

We have already pointed out that in the forearm of the resting subject 
exposed to room air, skin and muscle temperatures fall progressively towards 
that of the room, muscle temperature being several degrees the mgher and 
falling more slowly. If the muscles are exercised even gently, muscle 
temperature* soon begins to rise and is followed quickly and closely by a rise 
of skin temperature (see Kg. 10) though there is no appreciable fluslMg 
of the skin. The rise is steeper the more vigorous the exercise ; 



Fig. 11. 'Rise of ekin temperature following exercise and ischEemia. B.T.G., 13,10.36. Skin 
temperature from dorsum of right forearm over belly of extensor muscles. Forearm cooled 
by exposure for an hour to room air at lo'^G. Upper heavy line indicates duration of 
circulatory* arrest at upperarm. Lower bea^'y line shows duration of exercise of lifting hand 
c\*cry second. At 10 minutes the flush of the reactive hyperemia was much faded. 


skin temperature may rise as much as 5° in as many minutes. 
In some of these obsen-ations we have taken the precaution of 
nesting the circulation at the wrist to prevent any possible effect 
ot blood returning &om the hand on forearm temperature. This is 
unnecessary , the hand already cold does not become warm and arresting 
IS Circulation does not alter forearm temperature. By testing with the 

of the Sin Vtl i^otion it is found that the increased warmth 
Am anth local exercise is confined to the neighbourhood of the active 

ot'.o of fine (32 ® thermal jrmetion but 

're u.ce for recoSng skin tempe^ure ^ A “Idered together at their tips, such 

or extensor imiseles and tlirouriulns the h\-podenmc needle is inserted into the flesor 

Icnvinp iritlfinThe tvithdrarvn over the 

n;nd r.e<Hile nl^n tlie rauscles nre ^xereised and junction causes less pain than a 

U'U.x.Iy j:u-es nsp gl;£;},t discomfort ^ mttoduced parallel to the muscle fibres 
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muscles and decreases rapidly beyond their boundaries. For example, 
■when the anterior tibial muscles are exercised by repeatedly lifting the foot, 
the temperature of the overl 3 dng skin rises rapidly and to a high level ; 
over the tibia the rise is but slight and delaj^ed,* and is absent in the calf. 
The increased ■warmth of the skin is not due mainlj* to a concomitant 
cutaneous vasodilatation but to heat conducted from the underlying muscles. 
The skin does not flush but rather pales. If an area of sldn is blanched bj- 
adrenaline introduced intradermallj’^, the rise of temperature provoked bj* 
exercise comes as usual ; it is probable, ho-wever, that a rise of skin tempera- 
ture of this order increases sldn circulation to some extent by the direct 
effect of warmth on the skin. Further, the rise of temperature is not due 
mainty to increased heat production witliin, but to increased blood flow 
through the worldng muscles. If the muscles are exercised while the 
circulation is arrested, skin temperature does not rise until the circulation 
is restored and then rises although exercise has already ceased. The exercise 
of lifting the hand, for example, can be maintained for 3 to 4 minutes 
before the ache that develops becomes intolerable ; as is sho-wn in Fig. 11, 
the sldn temperatiue begins to rise steeplj* within 10 seconds of restoring 
the circulation at the end of exercise. The reactive hyperemia foUo^wing 
ischcemia for this period gives bj^ itself no rise of skin temperatiue. The 
conspicuous rise of temperature following exercise and ischtemia long outlasts 
the sldn flush. 

We udll not pm'sue here these observations on the vascular effects of 
muscular activity but we wish to point out that the^' show clearly that direct 
conduction of heat from worldng muscles is an important factor in warming 
the overl 3 ang skin. It would seem that this factor must iflaj* a greater 
part in the upper portion of the forearm and leg, where muscle predominates, 
than in the lower which is more bon 3 ’^ and tendinous ; it is absent from the 
digits. Less directl 3 ', however, muscular activit 3 ' does influence the 
temperature of the digits as Le^wis and Pickering (14) have shown. Thei’ 
point out that the raised temperature of active muscles must ivarm, and 
thus tend to dilate neighbouring arteries passing to more distal parts. 


SlT^IIilARY. 

1. Observations are recorded on the human arm and leg showing that 
differences exist between the cfrculation in the extremities and that in the 
more jiroximal parts. 

2. In measuring change of skin temperature and blood flow of the 
proximal parts precautions are required to exclude the effect of venous 
blood returning up the limb from the extremities. 

3. While in the extremities sensor 3 ' stimuli applied to the body cause 
vasoconstriction they have either no effect or cause vasodilatation in the 
forearm and leg. 


* The inference is tlint exercise provokes but little, if any, change in bone blood flow. 
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4, Small doses of adrenaline regularly cause increase of limb volume 
and blood flov in the forearm and leg, due to vasodilatation in the voluntary 
muscles. The vasodilator reaction to adrenaline is increased after 
.sympathectomy. 

5. In man, as in other animals, circulating adrenaline is not the factor 
responsible for the regain of vascular tone following sympathectomy. 

0. The vascular changes in the distal and pro.vimal parts of the limb 
are described in response to alterations of body temperature. 

7. Increased blood flow through active voluntary muscle is shown to 
e.xert a conspicuous effect (bj' the conduction of heat) on the temperature 
of the overlying skin. 

S. The effects of body warming and of muscular activity- are 
discussed in relation to their bearing on the maintenance of bod 3 ' 
temperature, both local and general. 

9. The arteriovenous anastomoses of the e.vtremitics plaj’ a greater 
part than was hitherto realised in maintaining the temperature of the limbs 
and in regulating bod}’ temperature. 
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EFFECTS OF ASPHYXIA AND PRESSURE ON SENSORY NERVES 

OF JLA.N. 


By T. LEWIS and E. E. POCHIN.*' 

{From the Dcparlmcnl of Clinxcxil Bcscarch, Universifij College Hospital 

3Ied{cal School). 


While investigating the effects of asphyxia upon pain responses in the human 
skin (Lewis and Pochin (7)) it became clear to us that, although a number of 
observations had been recorded previously (1, 4, 5, G), our knowledge of 
loss of various forms of sensation in the skin and underlying tissues during 
asphyxia still remained incomplete. The observations here recorded were 
undertaken in the first place with the idea of filling in these gaps ; it .seemed 
important that this should be done if only to assist the many recent attempts 
to correlate different sensory functions with different physiological typos 
of nerve fibre. The observations originally planned on asphyxia arc recorded 
in Part I ; some observations upon an unexpected sensory paralysis in a 
finger arc added in Part II. 

P.\nT I. ErrECTs or ASPnvxi.\ o.v seksorv xerves. 

Our tests of cutaneous sensibility have been made for the most part 
upon the fingers, and almost always upon the dorsal surface of the terminal 
phalanx, between the nail and the intcrphalangeal joint. During the period 
of nsjihyxia the hand has been kept in water at 35° and the tests have been 
conducted u])on skin at that temperature, except in the case of the response 
to warmth when the temperature of the tested finger has been kept between 
tests at 30°. Before skin which is to be tested finely and repeatedly is 
immer.scd, it is thinly smeared with vaseline to prevent the skin imbibing 
wat<'r. 

The apparatus used for testing touch and pain has consisted of Frey'.s 
hairs of varying and suitable thickness, and needles mounted on similar 
hairs. In testing cold and heat spots a mass of copper ending in a titiy 
cylinder has been used ; for massive thermal stimuli larger metal surfaces 
have been found convenient ; in each instance the metal is withdrawn from 
a water b.ath of desired temperature, dried and at once applied to tlse shin. 

' Wi tk r;s tvLntf < ' t},,- Mriii nt 
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Another form of massive thermal contact has been a small beaker of water 
brought upwards to immerse the dependent finger tip. To measure the delay 
in the response to thermal stimuli, the metal is brought against skin over which 
a fine wire is stretched, the instant of contact being recorded electrically ; 
where immersion in water has been used, immersion has been abrupt and 
has been signalled electrically. 

In asphyxiating we have used one of three methods. Usually we have 
employed the pneumatic cuff, encircling the upper arm. This is the most 
satisfactor}^ plan when relatively short periods of asph 5 ^xia are desired, 
namely up to 30 min., as when the early changes in sensation are investigated. 
But this method asphyxiates not only the nerves under the cuff, but all the 
tissues of the limb including nerve endings ; and for this reason we have 
repeated all the chief observations, using the special clamp described in a 
previous article ; this clamp only renders those parts of the nerves ischjemic 
which lie udthin it, the circulation to the arm below the clamp remains free. 
Thus effects of distal ischremia are excluded. 

Because it is necessary, in attempting to abolish all sensation in the 
fingers, to continue asph 3 ’^xia for very long periods, and because it is unwise 
repeatedl}’’ to render the Avhole limb or its main nerves ischsemic for such 
periods, in investigating the last stages of sensory loss we have asphyxiated 
the finger alone. To do this a band of rubber, 2i cm. vide, is wrapped 
firmly in scAmral OAmrlapping turns around the base of the finger. If a 
narrow band is used, deforming pressure is introduced and the effects caimot 
be regarded as simpl}’’ asphj'^xial (see Part II). When the broad band is 
used sensation in the skin of the finger is complete!}' lost in about 2 hours. 

Touch. The first obvious sensory defect noticed Avhen the circulation 
to a limb is stopped is in the sense of touch ; it consists of numbness of the 
very tips of the fingers. It has been shown in previous work (6) that this 
occurs in about 13 to 15 min. Avhen the obstruction is at the upper arm and 
the arm is kept at 35°., but that it comes at later times if the obstruction 
is placed lower on the limb. If the obstruction is around the base of the 
finger it comes at about 25 to 30 min.. This numbness seems to be not 
only the first obvious change, but actually the first sensor}' change in the 
skin consistently to be detected. If the threshold of the skin to touch is 
tested with Prey’s hairs of suitable strength, numbness can be detected as 
early as, and sometimes a little earlier than, the first sign of raised threshold 
to hairs. Vibration sense, tested Avith a 512 tuning fork at the base of the 
nails, is impaired several minutes before, and is lost when, numbness appears. 
But this is only the case when the circulation to the fingers has been arrested ; 
AA'hen the special clamp is used vibration sense begins to decline Avith the 
onset of numbness or a little later. Because it seems clear that a local factor 
interferesNvdien the circulation to the skin is arrested, Ave are unable to regard 
the early im^irment of vibration sense as significant, so far as loss of function 
in the nerves iKconcerned. To resume, from the time when numbness comes, 
the threshold t^ight touch rises and numbness steadily increases in degi-ee 
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until all sense of touch is lost. By the time sense of superficial touch is 
lost, sense of deep pressure lias also gone. If the upper arm has been 
compressed, the skin of the finger tips becomes anaisthetic in about 20 to 
25 min. ; if circulation has been stopped at the base of the finger, antesthesia 
is complete at the tip after about 35 to 50 min.. 

It ivill be most convenient to express the onset of defects in the other 
forms of sensation by relating it to the onset of the first defect in touch. 
Loss of the other forms of sensation will be related to anresthesia and supple- 
mented by statements of times. 

Cold. The time at which a sense of coldness to cold contacts is noticed 
to change depends upon the method used to elicit it. The earliest defect 
in the cold sense maj’ be detected by mapping out a number of cold spots 
on the dorsal surface of the terminal phalan.x of a finger and testing 
tiicse (while at 35') at regular inten'als by short contacts with a 
small metal surface at 10'. The responses begin to fail at the same time 
as, or a minute or two before or after, numbness is first noticed in the 
tested skin. 

If the tip of a finger, which has been lying in water at 35®, is imraensed in 
water at 12®, or its dorsal surface is tested with a larger metal contact at 
similar temperature, the first defect in the cold sense during asphyxia is 
noticed as a delay in the first appreciation of cold or as a delay in the full 
development of the sensory response. The reaction time often begins to 
widen when numbness has first developed in tlie tested skin, or the delay may 
not be detected till annssthesia appears ; the sensation of cold when it comes 
after a delay, increases with unusual gradualness to its height. If the first 
clear sense of coldness is signalled, then the original reaction time of 0-4 sec. 
on the finger widens out ultimately to as much as 5 or 10 sec.. This increased 
latency is observed with asphy.xia of the whole arm and equally well when 
asphyxia is confined by means of the special clamp to the nerves in the upper 
arm. If attention is directed merely to the degree of coldness, to the exclusion 
of the time factor, then tiic cold sense will not be recognised as affected 
until about the time when ana'sthesia develops, for until then the ultimate 
intensity of the rcsj)onse is usually undiminished. Response to cold though 
])rogressively delayed, and often diminished, is not abolished till long after 
ana'sthesia is full. In observations upon the asphy.xiated finger it is lo<t 
at about the 110th minute and, as we shall sec, before pain. 

In tc'^ting the finger by immersing it, we have found that the asphyxiated 
fincor dcvclojis a painful response to cold, which will be discussed later. 
Coming, ns it docs in the final stages of asj>hyxia. pain occurs n« soon a- 
3 to t'l seconds after the finger lias been immersed in water at 15', and in. 
the late stages of asphyxia it m.ay interfere with tests for cold resj^onse. 
apjH’aring befort' or replacing the latter. 

In considering the delay of the cold resj^unse. this is not eo:nr»trabh- 
to the delay of the pain re-ponse uhen the first re.-jvonse fails (^•‘o ne.xt p.''.r'‘K 
J he interval i« much greater in its duration. Ti:e second jmin re-n 'r.--' on 
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the finger is delaj^ed by at most 1-5 sec. ; the cold response may be delayed 
by 10 sec.. Further, the latency for cold perception increases gradually 
from 0-4 to many seconds, while for pain the latency rises abruptty from 
0-3 to 1-5 sec. where it remains constant. Clearl}’', the cold response, unlike 
the pain response, is not carried hy two groups of nerve fibres of widely 
different conduction rates. Testing the warm foot with cold metal, it has 
not been possible, however short the contact, to display two responses. 
The quick decline of the response of the normal skin to a short cold stimulus, 
and the long delays which occur in the response to cold in the later phases 
of asphyxia would suggest that these delaj-s are not d\ie to the existence of 
slowly conducting cold fibres, for the rate involved would be so extraordinarily 
slow. Siiiiilarly it seems unlikely that so great a delay is due to slow 
conduction in the stretch of fibres asphyxiated. The delay may be due to a 
greater time needed either for cooling deeper nerve endings, or for fuller 
cooling of the siq^erficial ones, to jjrovide impulses adequate to pass the 
asphyxiated nerve fibres. 

Warmth. As with cold, the times given for loss of warm response 
will vary with the method used. If warm spots are mapped out on a finger 
maintained at 30°, and these spots are tested by short contacts with a small 
metal surface at 40°, the responses are found to fail first a little after the 
tested area becomes numb. If a massive stimulus is used, the finger tip 
being transferred from water at 30° to water at 42° or 43°, the first defect 
noticed is delaj’^ in the warm response ; exceptionally this may be recorded 
as early as the onset of numbness ; usually it is recorded at about the time 
ancesthesia develops. This delay, mounting as it may from about 0-5 sec. 
to 5 or 10 sec., is also found when the special clamp is used, and presumably 
arises similarly to the delay in response to cold. 

The warm response is noticeably diminished from the onset of 
antesthesia, it is lost at the same time as, or a very fcAv minutes after, the 
cold response, responses to pain being still detectable. 

Pain. This has been tested with needle points fixed upon liairs of 
different bending strain, and in a previous article we described the twofold 
response, which occurs to a single needle prick ; in the present observations 
we have paid attention to both first and second (or delayed) pain response 
described b}’^ us in the recent paper (7). Tlie recognition of the first and 
second pain response to needle prick comes most easily — and familiarity 
with it is necessary before observations can begin — if the fine needle is 
mount^ on a hair of about 0-2 g. bending strain. If this is applied for an 
instant t^the thin skin on the front of the wrist, usuall}^ the first or immediate 
response ^viH fail and the second response is clearly perceived after the 
needle point nus left the skin. Incidentally, in the method which Frey (2) 
used in testinX namely, pressing the needle point on the skin until pain 
is felt, it is usuXl^ the second and not the first response which appears. 
The second is elicitted by lighter stimulation than the first response, and is 
longer lasting. Soin^i^^^sSj especially when the response is excessive. 
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it may last for as many as 10 or 15 sec. ; it then gives rise to a sense of local 
irritation, wliich is relieved by lightly rubbing the skin. This aftermath 
or prolonged sting is especially well felt on the skin of the face, but here, 
owing to fusion of first and second responses, it begins at once after the 
immediate prick of the needle. The prolongation of sting has been noticed 
by previous workers and in calling attention to it again we emphasise that 
it belongs not to the immediate, but to our second pain response.* 

If pricks are used during asphy.via such as are just adequate usually to 
provoke an immediate response from the back of the finger, then we find 
that this first response is substantiallj' unchanged after numbness lias 
developed, it begins to fail after the skin has become conspicuously numb ; 
and it is lost well after the skin becomes anresthetic. The same events 
are noted whether the cuff or the special clamp is used on the upper arm, 
or tlic finger is tied off. But if the strength of the stimulus is much increased, 
the immediate response to the jabs of the needle is not lost until much later. 
These responses are finalh' lost at about the times when the cold or the warm 
response vanishes. 

With light pricks the second response becomes exaggerated, being more 
intense and conspicuously long lasting, a little before the onset of anaesthesia. 
The second re.sjionses do not diminish in number or intensity until long after 
anaesthesia has become established (or about an hour after the finger has 
been asphy.xinted from its base) ; and the delay in the response remains 
unchanged. The responses arc not all lost until after all cold and warm 
rc.sponscs have disappeared, though by this time the second responses are 
diniini.shcd botli in number and intensity. They are usually all lost within 
10 or 15 minutes of the loss of all responses to cold and warmth, or at about 
120 to 130 min. in the aspln-.xiatcd finger. 

Pain sense in dcej>cr .structures is still present verj- late in asphy.xia. 
It may be tested by squeezing the %vcb, which lies between two fingers, 
or by gripjung the muscles of the thenar eminence and e.xcrting pressure on 
tiicm. Bach of these procedures gives rise to the corresponding and 
characteristic pain. 

Sense of position and muscle ]}a{n. As stated in a previous paper (ti) 
sense of position in finger or hand is lost when anresthesia reaches tiie 
corrc-jjionding joint level. This relation requires no further comment at 
the moment. We ]>rocecd to consider a special ])oint raised by Matthews, 
He has .suggested {$) that the pain, which has been shown in tin’s laboratory 
to he derived from musclc.s when the.se are worked under iscii.v;mic conditions, 
may be conveyed by afl'erent fibre.s connecting to muscle spindles. Wc 
liave thought this to be imj)robablc, and have been inclined to think of 
atleri'iit pain iin]>ul.se.' on the one hand, and of afferent iinptihes rciiarded 
as conveying infiirination relating to muscle tone on the other, as alnto.st 
certainly rccjuiring specific and distinct channels of conduction. Ti;c 

• It j'.iv'ty K' tJ.o or viiv.iz r.'« i pr'. ! •r.r* t! !*y t\' ^.^T' ?* 
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matter has been tested further in conjunction with tests of sense of position 
in the asphyxial experiment. The pain provoked by squeezing muscle 
and that provoked by working it under ischfemic conditions are in fact 
indistinguishable ; but the latter cannot be provoked so late in asphyxia 
as the former, because not long after palsy occurs in the motor fibres of the 
nerve trunks (approximately simultaneous with complete loss of function 
of the touch nerves), the response of the muscles to a faradic current directly 
applied becomes weaker and eventually it ceases. It is quite easy to show 
that pain provoked by squeezing the thenar muscles is present long after 
all sense of position in thumb and even in wrist is lost. This comparison 
however is insufficiently searching, because the loss of position sense 
applies only to passive changes and occurs when the muscles have reached 
a flaccid condition. If the muscles of the thenar eminence are faradised 
at the period of asphyxia when the hand is almost completely anaesthetic 
to the line of the uTist, these muscles can still be made to contract quite 
strongly ; and, if the time and the point of stimulation are well chosen, little 
or nothing will be felt except a clear sense of tension in the region of the 
muscle contracting. This sense of tension will often give an idea of the 
movement which has happened in the thumb as long as 3 or 4 minutes after 
a passive change of position has become unrecognisable. A little later the 
sense of tension on faradising the muscle is itself lost and there follows a 
period during which the muscles can still be made to contract, at first fairl}’- 
strong^, but as time passes less strongly ; they then contract without the 
subject being in any way conscious of the fact. When these contractions 
have been continued for a minute or two (the duration of stimulation 
required to produce pain at this time may be shortened if the same muscles 
are submitted to 1 minute of preliminary stimulation at an earlier stage of 
asphyxia) pain develops and continues ; it is felt in the region of the ball of 
the thumb and is characteristic in its quality ; the muscles become tender 
in that the same pain is now very easUy exaggerated by simple pressure 
and continues to be for a period during which it may be thoroughly tested. 
These observations make it clear that pain, coming from muscles worldng 
under ischcemic conditions, or exaggerated by light pressure upon muscles 
that have been worked, can occur not only after all sense of position in the 
relevant parts is lost, but also after all those afferent impulses are lost, which 
are responsible for the subjective local sense of tension to which contraction 
of muscle gives rise. Thus, our view that the muscle spindles are unconcerned 
in the production of pain derived from muscle is strengthened. 

It is here to be remarked that the asphyxial experiment distinguishes 
two factors affecting recognition of position. Firstly, there is a factor, 
which very .possibly is touch and deep pressure sense, and which is 
probably the dominant one when the hand is normal. Secondly, there is a 
sense of tension, which develops in the region of the xnuscles concerned and 
aids recognition of changed position when muscular contraction is responsible 
for it ; this disappears later in asphyxia than the first factor. 
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Hyperalgesia. We have given special attention to the development 
of liyperalgesia. It develops vrhen the vrhole arm is rendered ischsemic, 
when the finger is rendered ischsemic, or when the nerves of the upper arm 
are compressed by the special clamp while the circulation to the hand 
remains free. In all instances it comes simultaneously rnth, or within a 
minute or two of, the appearance of distinct numbness and it is readilj" 
dis])layed b}^ light friction, or b}’ squeezing the finger lightly, or by depressing 
the nail ; the skin is sore to friction, and squeezing the tip of the finger or 
pressing on the nail gives much the same painful response as is obtained 
from a bruised finger. This hyperalgesia is one which concerns both the 
first and the second response. Thus a single short rub of the skin is 
accompanied by distinct though slight pain, and depression of the nail is 
immediately painful. These immediate painful responses are the first to 
be noticed, but thej- decline as the skin of the finger becomes anesthetic 
and a delayed response then becomes manifest. At this stage a short mb 
of the .skin, ora short pincli of the nail, is not painful at the moment of the 
stimulus, but is followed about a second after by a short and very ob%'ious 
pain. This response on the finger and on the toe has the same delay as has 
the second response to needle prick of the same part. Simultaneously 
the first response to needle prick is declining while the second response 
is manifestly c.vaggcratcd, the pain being more intense, more diffuse, 
and longer lasting. We emphasise that, although the second pain may 
be unpleasant, it is never associated nith any distinct reference ; it is 
localised. 

The second response becomes exaggerated from the onset of anresthesia 
and remains exaggerated untU the later stages of asphyxia, when 
the decline of pain sense occurs rather rapidly. Curiously, however, 
the second response to jnnehing the nail may remain verj' painful 
when the skin is no longer responding at all to needle prick. This 
delayed extinction of function is presumably in deep lying pain 
nerves. 

During the stage of asphyxia in which numbness is appearing in the 
finger tip, the response to 1.5° water begins to acquire a very distinct sting 
after about 30 sec, immersion. From this time onwards immersion at 
15° is found to yield an obvious stinging pain at shorter and shorter 
intervals, until at the end of the asphyxial experiment, the delay may 
be as short as 3 sec.. On several occasions this stinging response to 
cold water has been noted at a time when the skin was quite insensitive 
to needle jirick. \ cry possibly it also is a response by deep lying pain 
nerves. hen the tip of a warm finger is similarly immersed immediately 
after arresting the circulation to it, the stinging pain just described 
does not devcloj), even if the finger is kept immersed for a minute or 
mon.', 

A similar pain reaction is observed if warm water {39° to 41°) is 
substituted for the cold during the long asphvxia. 
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The order of sensory cutaneous loss. 

If we consider the order in which the various sensory functions of the 
skin are lost in asphyxia, enquiry among past records (Herzen (o), Eabritius 
and Hermann (1), Goldscheider (4), Lewis, Pickering and Rothschild (6)) 
find these to be in general though incomplete harmon}^. There is agreement 
that touch is lost first, and that cold sense, warm sense, and pain follow. 
But the precise order in which the last three are lost has remained uncertain. 
Actually the form of statement is inadequate. We require to know not 
only when these functions go, but the manner of their going. Our present 
studies have explored tin's aspect particularly and our results may he 
summarised. 

The fii’st obvious defect is in touch sense ; numbness appears and this 
defect is as early as any we can consistently detect. Simultaneously or 
within a ver^'^ short time both cold and warm sense begins to be affected. 
The defect in all three is progressive from the start. The defect in touch 
progresses most rapidly and this sense is the first to be lost. About the time 


lit. Pin 

A diagram, to be read from left to right, indicating the approximate time relations of loss 
of various forms of sensation from skin during a period of asphyxia, •n-hich begins at 
the arrow. 


when it is lost, the first response to pain begins to diminish and at a later 
period a similar defect appears in the second pain response. The defects in 
pain sense are preceded at first by exaggerated response ; their decline once 
it starts is progressive. Decrease in appreciation of cold, warmth, and pain 
are all verj’’ gradual and continue long after touch sense has completely 
gone ; the first 'stages of their decline are so long drawn out that the jprecise 
times of their iricfividual loss is not always easy or possible to establish. 
But it may be said^that loss of cold sense, first response to pain, and warm 
sense, occur almost\imultaneously. Probably the usual order of loss is that 
stated, though this caw^ot be said to be invariable. Loss of the second response 
to pain comes later 'uian the others, but may not be delayed long in skin , 
complete loss of pain ^nse to needle prick has, however, not often been 
recorded, and where itVas, a second pain response to pressure on the nail 

remains. i . 

The decline in the ' sensory functions considered may be expressed m 
order to facilitate undersVtanding of the broad time relations, by means of 
the accompanying diagram'; The essential points are that defects in touch, 
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cold sense, Tvarm sense, and first pain response begin almost simultaneously. 
Diminution in second response to pain is alone much delaj-ed. Tlie only 
sense to be lost early is touch, and from the times u'hen this occurs the decline 
in all remaining senses is steady to elimination ; the times of elimination of 
all these fall u-ithin a relatively short time period. Thus, it wotild be mistaken 
to think that the different senses dechne over distinct successive periods, tJiey 
all decline together, but touch vanishes first, and pani is the most resistant. 
It is also to be emphasised that the periods of decline of first and second 
response to pain, the first conve3’-ed b}' fast and the latter b3' slow conducting 
fibres, do not occupy separate phases of asphyxia, thej’- overlap considerabl3' 
and the end of these two periods are not widel3’- separated in time. 

Eelalion of fnnciioii, rate of fibre condtiction, and fibre size. 

.The original idea that nerve fibres are put out of action b3’’ different 
agencies according to the rates at which the3’’ are capable of conducting, is 
already acknowledged to form but an imperfect correlation (Gasser ( 3 )) ; 
there is no clearer example of this than the influence of asph3'xia upon fibres 
conducting pain impulses. There are, as we have shown previously, two 
chief groups of pain fibres, conducting at rates of ver3’- different order ; 
but under asph3*xia, elimination of function in these two sets of nerve fibres 
is very gradual, and in large measure simultaneous. It is true that the faster 
conducting pain fi.bres begin to drop out first, but these are not all eliminated, 
until the elimination of function of the slow conducting fibres is also far 
advanced. 

An attempt to determine with useful degree of precision a relation 
between different sensory functions and size of nerve fibre, seems also doomed 
to failure, if we are to accept the effects of asphyxia as a basis for such 
correlation. The more closely the examination is conducted, the more 
obvious is overlapping. It is true that touch is most heavil3’ affected in 
the early, and the second pain in the later, stage of the asph3’^xial experiment ; 
hut touch begins to be affected no earlier than sense of cold or warmth, and 
the period of pain elimination does not lag far enough behind to escape wide 
overlap with the periods corresponding to the elimination of each of the 
remaining sensory functions. We are not surprised to find Gasser concluding 
in his recent publication that fibres subserving deficient sensory functions 
must be widely distributed through various fibre sizes ; our recent experience 
tends indeed to emphasise rather than to diminish the difficulties confronting 
attempts to correlate in any simple fashion sensory function and fibre .«izc. 

Pakt II, Pkessxtre block of digital xerve. 

When a 6 mm. wide rubber band is wound tightly around, and fi.x'cd in 
place upon, the base of a finger, the manner in which sensation is lost in t a 
finger be 3 ’ond the band is similar to that described for a finger as])h3 ‘ 

the use of the broader band. The order in which diff- 
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sensation are lost is the same, and the times are the same ; thus all sensation 
is lost or practically lost in the finger kept at 35°C. at the end of 2 hours * 
But when the narrow band is removed, it is found to have cut deeply into 
the tissues of the finger and, although bloodflow returns promptly, sensation 
may not. On two occasions sensation has failed to return for a period of 
weeks or months to one side of the finger, indicating that a pressure 
paralysis has happened in one of the tAvo digital nerves. 

This lasting condition of sensor}’^ loss in a finger has occurred once in 
each of us.f The loss of sensation Avas x^artial, sense of touch alone being 
depressed ; but pain sense in each instance was noted to be exaggerated. 

In the case of the first persistently numb finger (E. E. P.) observed, 
it AA'as noted that the numbness tended to disappear in the morning, and to 
return in the CA’cning. In the case of the second numb finger (T. L.), 
occurring after the first had full}’- recovered, a similar but quite independent 
observation of diurnal variation AA'as made. The dual observation stimulated 
us to investigate the second instance more closely. The observations on 
this finger foUoAV. 

Hypoccsiliesia. The finger AA'as affected along its ulnar side from the 
proximal interphalangeal joint to the finger tip ; it AA'as very numb, but 
never quite anesthetic in any part. When morning improAement was 
first noticed it AA’as thought to represent the beginning of recovery ; but by 
evening all that had been gained was lost. These changes AA-ere repeated on 
subsequent daj’s ; it Avas noticed too that in the morning the finger was 
colder than in the evening. This led to deliberate tests of the finger, after 
immersing the hand in AA-arm (39°) or cold (20°) water. In numerous 
tests in AA'hich the skin Avas tested by means of Frey’s hairs of different 
AA’eights it Avas shoAvn that immersion at these temperatures for 3 mmutes 
invariably changed the capacity of the affected finger to recognise touches. 
Using similar temperatures aa’c could detect little or no change in the tactile 
perception of adjoining fingers. On the affected finger, when warm, touches 
AA’ith light hairs usually failed to be appreciated and AA'ith lieaA’-ier hairs were 
felt faintly, while on the affected finger, Avhen cool, touches AAdth light hairs 
Avere usually felt and Avith heavier hairs Avere felt plainly. In a large number 
of further observations different parts of the affected finger Avere tested, cold 
Avater being circulated through a capsule in each case for 3 min. around the 
tip of the finger, its middle section, or its base, while the hand as a whole 
Avas immersed in AA’arm Avater ; or in other instances AA'arm water was 
circulated locally AA’hile the hand as a AA’hole AA’as immersed in cold water. 
These tests, some of AA’hich Avere done AA-ith the circulation to the limb free 
and others with the circulation arrested, gave consistent results ; arrest of 
circulation was introduced to ensure that change in temperature of one part 

* We refrain from concluding that the order of paralj-sis is in this instance governed by 
pressure, because clearlj’ asphyxia is also concerned. 

f And caused us to abandon the method of rendering the finger bloodless wth a narrow 
band, owing to the long-lasting inconvenience resulting. 
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of the finger was not conve3^ed to another part. We were unable to 
demonstrate that change in the temperature of the shin over the terminal 
phalanx, where the testing of touch was alwaj-s done, or of skin of the middle 
part of the finger, had any effect on the recognition of touches. On the 
other hand cooling and warming the base of the finger, the region to which 
the pressure band was originally applied, always produced definite effects, 
and similar to those produced by cooling and warming the whole finger 
or the whole hand. 

These tests made it abundantly clear that the improved touch sense 
observed in the cold finger depended upon the temperature change at the 
region of injury. The improvement was seemingly the result of cooling 
in the region where the nerve originally suffered pressure and damage, and 
was due neither to cooling of the skin receiving the touch stimuli, nor to an}- 
change in the temperature of the nerve conducting the impulses from tip of 
finger to the region of injirry. It sufficed to place a flattened lead tube 
(G mm. in width) against the ulnar side of the affected finger at its base and 
to allow a current of water at 20° to flow through this, to produce a definite 
improvement in the tactile perception of the affected finger, while the whole 
hand lay immersed in water at 39°. Similar cooling of the radial side of 
the same finger was without effect. The effects of temperature change of 
the skin was tested over the range 13° to 42°. Little change in sensation 
was detected up to 27°, but from about this point to 42° the effects were 
definite and progressive. 

Hyperalgesia. In the first instance of nenm injury from pressure, the 
numb area was first noticed to be displaying h}’peralgesia the same evening. 
The change noted was a conspicuous and persistent second response to needle 
prick ; the first response was Judged to be impaired. Pain was not again 
tested. In the second instance, hyperalgesia though repeatedly noticed 
previously, was first recorded as present about 3 weeks after the injury. 
This hyperalgesia was easily elicited by light friction and in area corresponded 
closely with that of immbness. The ulnar side of the nail and pulp of the 
finger gave obvious tenderness on pressure. To needle prick both the first 
and second pain responses of the skin were exaggerated, but especially the 
latter, which was also prolonged, sometimes for 10 or 15 seconds. Tested 
with copper at 40° to 42° no definite change in the threshold of the pain 
nerves to heat could be determined. 

It was noticed that the hyperalgesia varied with the degree of numbness 
in the finger, being most conspicuous when the finger was most numb, and 
inconspicuous or absent when numbness was sfight. The effect of tempera- 
ture of the finger on hyperalgesia was therefore investigated in the same way 
as had been done for numbness. The hyperalgesia was found to be clearest 
uhen the hand was warmed, and to be almost absent when the hand was 

’ these effects "^Aere obtained equally "when the heating or cooling "vras 
con ned to the proximal phalanx. Thus 'vrhen the rrhole hand was warmed 
m water at 39° for 3 minutes and then tested, it was found that pain was 
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regarded exaggerated pain responses as coming from pain nerves of a special 
order, and in others as coming from pain nerves in a special state, namelj^, 
infliienced by degeneration or by regeneration. 

The simplest method of which we know, which suffices to dissociate 
touch and pain is that described in the first part of this paper ; in asphyxia 
touch becomes defective before pain sense. It is very remarkable that in 
the i^hase of asphyxia in which touch becomes defective, hyperalgesia appears. 
The coincidence is striking and uniform. This again might be regarded 
as a disclosure of pain by withdrawal of touch ; or the hyperalgesia might 
be interpreted as due to a preliminary irritation of the pain nerves before 
function in these declines. There is no emdence which will conclusively 
fortify or destroy either of these views, and discussion could only proceed 
xipon a hj’^pothetical basis. Enough has been said perhaps to emphasise 
the striking but as jmt unexplained association between hyposesthesia and 
hyperalgesia, and to draw attention especialty to this association in asphyxia. 
For these manifestations of asphyxia are ver}’^ easy to produce in the human 
limb, are easily reversible and capable of repetition, thus lending themselves 
to further exploration. 

Summary and conclusions. 

1. In asphyxia of a limb defects of touch, cold sense, warm sense, and 
fast conducted pain begin almost simultaneously. The defect in slow 
conducted pain comes later and is preceded bj’’ exaggerated pain response. 
The only sense to be lost earty is touch ; the rest all decline slowly and together 
and are eliminated witliin a relatively short time period of each other. 

2. The declines of fast and slow conducted pain do not occupy separate 
phases of asphyxia, they overlap considerabl5^ In asphj'xia of a limb, 
the separate sensory functions are not eliminated in a simple precise order, 
neither do nerve fibres fall out in the order of their conduction rates. 

3. Recognition of position resulting from passive movement, fails 
early and at the same time as touch and deep pressure sense fail. But 
sense of tension associated with muscular contraction remains until later 
and continues to inform the sensorium of changes of position brought about by 
such contraction. Thus there are two factors affecting recognition of position. 

4. Pain sense in deep seated structures such as muscle is preserved 
until the very late stages of asphyxia and until after all sense of position is 
lost. Nerve fibres conveying pain impulses from muscles, and those 
conveying sense of position or of local tension, are separate. 

5. An instance of pressure injury in a digital nerve is described. The 
injury gave rise to hypo^esthesia and hyperalgesia, which were found 
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regularly to be exaggerated by warming and diminished by cooling the region 
of injiuy. The meaning of these phenomena is discussed briefly, as is the 
curious association of hypoffisthesia and hyperalgesia in this and other 
circumstances. 
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OBSERVATIONS ON THE BLOOD CIRCULATION IN VOLUNTARY 


IklUSCLE IN 5LA.N.* 


By R. T. GRANT. 

{From the Clinical Research Unit, Guy’s Hospital.) 


Ik a previous paper Pearson (11) and I described a plethysmograpliic method 
suitable for studying blood flow in the voluntary muscle of the human limb. 
We there dealt only briefly with some of the circulatory phenomena of 
active muscle, and paid chief attention to differences in the vascular responses 
to various stimuli displayed by the proximal and distal parts of the limbs. 
I now record observationsf on the vascular changes accompanying muscular 
activit 5 '. These are of interest since our present knowledge is based almost 
entirely on animal experiment involving the use of aneesthetics, more or 
less extensive dissections and usuallj’- section and electrical stimulation 
of the motor nerves.j A number of plethysmographic observations has 
been made on the human arm (for example by Mosso (15), Athanasiu and 
Carvallo (3), Hewlett and Zwalmvenburg (12), Lewis and Grant (14)), but 
these do not exclude concomitant changes in the hand which may differ 
in extent and direction from those in the more muscular part’ of the limb. 
The use of the forearm plethysmograph with arrest of the distal circulation 
overcomes this difficulty. Tlie new observations are of interest also for the 
investigation of peripheral vascular disease. This has been much studied in 
recent years but chief attention has been paid to the hand and there is yet 
no adequate method for assessing the circulation in the more proximal parts 
of the limbs and specially in the muscles. Though the observations that 
follow deal mainl 5 ' normal, it will be clear that they form a basis 

for the further study of the abnormal. 

It has been shown (11) that the proportions of skin and bone in a lean 
and muscular forearm are small (muscle forming about 85% of its volume), 
and that a cutaneous hyperjcmia even so active as that of the flare causes 
only a relatively small increase of forearm blood flow (from 1-0 to 2-2 c.c. 
per 100 c.c. limb volume per minute) ; this hyperremia is apparently greater 
tiian any occurring in the skin as a result of exercise of the forearm muscles. 


• \\ ork undertaUen on boliaU of tlic Medical Rcsearcli Council. 

t 1 'vi<h lo ncknon ledge tlie help received from Dr. Pearson in some of there obrervoticr.E. 
t .\n outft.anding exception is the early rrork of Otaitveau and Knufmann (5) cn the hers.,'. 
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Also, observations have been recorded to show that exercise provokes but 
little, if any, change in bone blood -flow. It seems, therefore, that any 
material departure from the resting forearm blood flow resulting from local 
exercise can safely be attributed to a change in the muscle circulation ; 
this conclusion is supported by other observations. It is to be remembered 
that blood flow measured by Hewlett and Zu'aluwenburg’s method (12) 
must include also lymph flow, wliich is known to be increased by exercise. 
From the data available, however, (Barcroft and Kato (4), Drinker and 
Field (6)) l 5 "mph flow appears to be so much less than blood flow that it may 
be neglected without material error. 

The details of method already published are sufficient for the arm at 
rest ; a few additional are required for exercise. The exercise used throughout 
is a strong grasping movement of the hand. This tlirows into contraction 
the large majority of the forearm muscles leaving only the relatively small 
pronators and supinators not fully employed, so that blood flow stated in 
terms of limb volume must nearly represent that through active muscle 
alone.* Since limb volume changes are to be interpreted in terms of vascular 
changes it is necessary to take into account and to reduce as far as possible 
those due to muscular contraction and relaxation. They are reduced to a 
minimum when the arm is arranged as follows. The elbow and wrist are 
supported on sandbags which must not touch the pleth 3 'smograph. The 
wrist cuff is so applied that when inflated its upper end is separated by a 
narrow gap from the lower end of the plethj'smograph. The back of the 
hand is up and the fingers and thumb are looselj’^ arranged round a horizontal 
wooden bar fixed to the water bath, so that when the bar is firmly grasped 
there is httle or no displacement of the arm. To record contractions a small 
cuff is wrapped round the bar, connected to a recording tambour and inflated 
to a pressure of about 100 mm. Hg. The grasping movement can be 
maintained or made repeatedly vdthout materially disturbing the rest of the 
body. The amount of exercise that can be undertaken mth the wrist cuff 
inflated is limited by the ache that develops in the hand and lower forearm. 
When longer exercise is required the cuff is not inflated until towards the 
end of the exercise. A tolerable ache in the limb under observation or in the 
other limb causes no material change in blood flow. 

To observe the changes due to muscular movement alone, the arm is 
first depleted of blood by applying a rubber bandage tightly from the fingers 
to above th^elbow and inflating a vdde sphj’^gmomanometer cuff on the 
upper arm to well above systolic pressure. The bandage is removed and the 
arm arranged just described. When the bar is quickly grasped and 
released the volume recorder oscillates momentarily ; these oscillations are 
largely avoided by braking the movements more slovdy (Fig. 1). Grasping 

* Accepting that muBcle\orms 85% of limb volume and assuming that 90% of tlic muscle 
fibres are contracted, blood flouNrates stated in terms of limb volume require to bo increased by 
one-third to represent more npnrl\ that through muscle alone, (bone and skin blood flow being 
neglected). ^ 
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the bar lowers the horizontal base line ; in Fig. 1 the fall corresponds to a 
volume change of no more than 1 e.c., but it may be greater than this 
depending on how the arm is arranged and the grasp made. The lowered 
base line remains horizontal while contraction is maintained uniform, 
returning to its original level when the muscles are relaxed. When the 
circulation to the arm is free, the volume changes caused by contraction and 
relaxation are greater. 

It is clear that the method is suitable for the measurement of blood 
flow not only when the arm is at rest before and after exercise but also during 
sustained muscular contraction. Because of the recmring oscillations it is 
not well adapted for measurement during rapid rhythmic contractions. 



Fig. J, Kfiect of jiiusfiilflr contraction and relaxation on [orcarm volume in an arm depleted 
of blood. In tbe rigJit Jmnd tracing fJie movements were made more slowh' than in the 
loft. (D.S., 7.10.37.) 

In this and subsequent figures, the duration of the contraction is indicated by horizontal 
white lines ; calibration in c.c. on rigljt ; time marker in 10 seconds beneath. 


though rough estimates of blood flow can then be made from the general 
slope of the series of oscillations when the congesting pressure is applied 
to the upper arm. These estimates, however, are of doubtful value. In 
what follows, blood flow rates are stated in c.c. of blood per minute per 100 
c.c. of limb volume enclosed within the plethysmograph. The times at 
which blood flows are stated to be measured are those of the moment when 
congesting pressure is applied to the upper arm and indicate the flow during 
the next 5 or 10 seconds ; the congesting pressure is maintained for this 
period to allow inscription of a length of curve sufficient for measurement. 
If required, successive inflow curves can he inscribed at intervals of 15 or 
20 seconds, 5 to 10 seconds being allowed to elapse between the release of 
congesting pressure and its next application to permit the collected blood 
to escape from the veins. Reliable cui^-es may be obtained within a few 
seconds of the beginning of contraction or after the end of exercise, when the 
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oscillations dne to intiscnlar movement liave subsided. The correct and 
rapid manipulation of the apparatus requires practice. 

Eesiiiig blood flow. 

It was previously shown (11) that after about a half hoxirs rest (to 
allow the effect of previous use to subside) the blood flow rate in the lean and 
muscATlar forearm of a subject maintained comfortably warm lies between 
1 and 2 e.c. (average about l-o c.c.).* It varies but little from subjectto 
subject or in the same subject at different times and, in contrast to the hand, 
is not greatly increased or lowered by warming or cooling the body. It 
seems considerably smaller and much more constant than that obtained in 
animal experiment, though the data available for comparison are scanty : 
few workers state flow in units of muscle as well as of blood and time. For 
example, and interpreted into the blood flow rate now usedf the resting rate 
in the levator muscle of the lip of the normal horse (Chauveau and Elaufmann 
(5)) varies between 6-7 and 37-4 e.c. (average about 19 e.c.), in the 
gastrocnemius and digastric muscles of the anresthetised dog (Barcroft 
and Kato (4)) between 1-4 and 44 (average, from their Table Yl, about 
17 e.c.), and in the gastrocnemius of the anresthetised cat (Verzar (16)) 
between 3-4 and 32 c.c. (average, from his Table I, about 12 c.c.). It will 
be seen later that the level of the resting blood flow is of importance in dealing 
with the effects of sustained muscular contraction. 

Effecis of Exercise. 

!Many previous workers, using various methods on animals, find that 
muscular contraction mechanically compresses the vessels and that during a 
sustained contraction blood flow through the muscles is greatly diminished 
and may even cease ; according to Anrep and others (1 and 2) flow is 
diminished in proportion to the strength of contraction. GaskeU (9 and 10) 
states, however, that if the contraction lasts some time, blood flow may 
increase while the muscle remains contracted. KeUer, Loeser and Bein (IS) 
find that, after an initial and transient increase, blood flow during a sustained 
contraction remains either at the resting level or gradiially and progressively 
increases •, they believe that muscular contraction favours blood flow by 


* Further rest usually reduces the rate slightly, to about 1 c.e.. Tliis reduction comes in 
spite of repeated exercise of the forearm and is independent of the sympathetic nerves. For 
example, in a normal stibject the blood florr rate ■was l-t c.c. after SO minutes’ rest. During the 
next 2 hours, tlie arm being kept at 30°C. in a water bath, the resting rate fell to 0-9 c.c. although 
the arm was exercised at intervals during this time. Again, in one patient whose right arm was 
deprived of the sjnnpathetic nerves by cervical ganglionectomy six months previously, the blood 
flow rate showed a similar fall (from 2'1 to l-S c.c.) with prolonged rest. Tire cause of this fall 
is unlmown but it. is thought to be due to a circulating adrenaline like substance which is reduced 
in concentration by prolonged rest. 

t Chauheau and Kaufmann (5) state blood flow in grammes and Barcroft and Kato (4) and 
Verz.ir (16) inv.c. of blood per gramme of muscle j>er minute. Grammes and c.c. of blood and 
muscle are appmjdmately equivalent, their specific gravities being but little o\'er 1000. 
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reducing resistance. Frey (8) also finds a progressive dilatation of arteries 
and veins of all calibres beginning a feiv seconds after the onset of a sustained 
contraction. AH vho deal with the after effects of contraction are agreed 
that with relaxation there is an immediate and conspicuous increase of flow 
followed by a gradual return to the previous level. The new observations 
in man provide evidence supporting the general conclusions but they show 
that although contraction does compress the vessels, the compression is 
insufficient to prevent a dilatation and increase of flow up to a certain level 
while contraction is maintained. They also suggest a means of reconciling 
the conflicting views. 



/o’ 


Fie:. 2. Effect of strong contraction, sustained for about a minute, on forearm volume. (D.S., 
H. 10.37.) 

Effects of a siljgle sustained contraction. When the bar is strongly 
grasped and the grasp is maintained at its full strength,* limb volume at 
first falls (Fig. 2). The fall is greater than that happening when the limb 
is depleted of blood ; the increase is interpreted as due to blood being 
squeezed out of the forearm by the contracting muscles. Gaskell (9) and 
others have observed an outrush of blood from the veins when a muscle 
contracts. After 3 to 5 seconds, however, the base line begins to rise and 


• It cfvn ho po mniiitnincd for 1 to 2 minutes. 
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rises considerably to reach a maximum, after about 30 seconds, wliicli is 
maintained so long as the contraction lasts with undiminished force. The 
pulse beat also increases greatl3^ When the gi'asp is released there is at 
once a further but smaller rise of volume and increase of pulse beat ; these 
subside graduall}’- to the resting level. Blood flow measurements show that 
almost immediate^ following contraction, the rate begins to increase rapidly 
and, after half to one minute reaches a maximum of 4 to 5 c.c. wliich is 
maintained for the duration of the grasp. The interval between the 
subsidence of the oscillations of the recorder, due to contraction, and the 
beginning of the rise is usuallj' too short to allow blood flow to be measured 
then. On occasions when it can be measured, the resting flow is found to be 
unaltered or slightl}’- reduced. Immediate!}' after relaxation, the flow 
increases enormously and thereafter declines, at first rapidly and then more 
slowly, to the former resting level. With gentler grasps smaller effects 
are obtained. A typical example is given in Fig. 3. 

MIN. 



Fig. 3. Forearm blood flow rate befoiie, during and after a strong contraction maintained for 

11 minutes. (A.B., 20.10.37.) 

These results can be obtained with but little variation from different 
subjects or from the same subject at different times under standard conditions. 
They indicate that while strong muscular contraction does compress the 
vessels, this compression is insufficient to prevent them dilating to a certain 
extent (under the influence of dilator substances released from the muscle 
fibres — see laterVor this point). The compression is removed with relaxation. 
Rein (13) and hisNiolleagues, however, interpret similar observations in the 
dog by supposing tmt contraction does not compress the vessels but rather 
favours dilatation am that dilator substances are not set free from the 
muscle fibres until they relax. There is strong evidence against these 
suppositions. \ 

In the first place if film arm is exercised sufficiently to provoke a large 
increase of limb volume anc^lood flow, then a strong sustained contraction 
immediately reduces limb \^lume considerably and lowers blood flow 
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greatly ; these reductions persist -while the contraction is maintained ; 
liigh levels are at once regained on relaxation. Kg. 4 shows the reduction of 
limb volume caused by three sustained contractions of an arm previously 
exercised. Moreover, under these conditions the high blood flow folio-wing 
exercise is reduced by the sustained contraction to about the maximum level 
attained during a long lasting contraction in the pre-vdously resting arm. 
For example, in the same subject as in Kg. 3 and folio-wing the observation 
there illustrated, the forearm muscles were exercised by grasping and 
releasing the bar once a second for 2 minutes. Immediately after cessation 
of the exercise the blood flow rate was 35-5 c.e.. The bar was then grasped 
firmly for half a minute and during this time blood flow was measured 



/O' 


I'ig. 4. l-'orearm volume record show ing, on left, effect of 3 successive contractions of pieviously 
exercised muscles, and on right another contraction made after limb volume had almost 
returned to resting level. (D.S., 11,10.37.) 

twice, being 4-5 and 4-0 c.c.. The grasp was released and blood flow 
returned immediately to 32-0 c.c.. Secondly, if the forearm blood flow is 
increased by means other than exercise, by arresting the circulation, then 
a strong contraction of the muscles again reduces blood flow greatly. 
For example, in one subject the blood flow folio-wing arrest of the circulation 
for two minutes was found to be constantly about 20 c.c., but if the bar was 
firmly grasped just before, the grasp and maintained for a half minute after 
the circulation was restored to the arm, blood flow was no more than about 
"i c.c. wliile the grasp was maintained (4-4 to G-4 in separate observations). 
Blood flow rose when the grasp was released. A mechanical compression 
of the vessels during muscular contractions seems a reasonable conclusion 
from these findings. As Anrep (1) and others find in the dog, so in man. 
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develop. The observations suggest another possible reason vhy some 
workers have failed to observe vasodilatation during sustained contraction. 
In animal experiment the resting blood flow is much higher than in the 
normal man ; if the “ resting ” blood flow is already so great as to be beyond 
that which can develop during a tetanus then only a reduction of blood flow 
is to be expected when the muscle contracts. 

Effects of repeated contract io7}S. It lias already been seen that in the 
resting arm vdth narrow vessels, a strong contraction of short duration of 
the forearm muscles causes at first only a small reduction of limb volume 
and little or no change in blood flow. When such a contraction is released, 





Fig. 6. Effect on forearm volume of 4 successive contractions, encli maintained for about 
lOsecs.. 11.10.37.) 

there is an immediate and considerable increase in volume and flow (Fig. 4, 
right hand contraction) . If other similar contractions are made in succession, 
each at the moment when the after effects of the previous one is at its height 
(namety, an interval of about 10 seconds between relaxation and contraction) 
then as is shown in Fig. 6, the reduction in limb volume with each contraction 
increases rapidlj^Ao reach a maximum. Limb volumes dining both contrac- 
tion and relaxati^ soon rise to and maintain high levels ; these are but 
little raised by further exercise. Blood flows measured during successive 
contractions and relah^ions show that a maximum of 5 c.c. is rapid!}" 
attained from contract^muscle while during relaxations blood flow rises 
at first rapidly and then i^re slowly towards a maximum of between 25 and 
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ss C.C.. From this it can be estimated that the average blood flov rate 
during such an exercise after the maximum has been attained is between 
15 and 20 c.c.. It has already been mentioned that the method is unsuitable 
for estimating blood flow during more rapid rhj'thmic exercise but it is 
clear that the rate must lie between the maxima attainable in the phases 
of contraction and relaxation and must depend on the relative durations 
of contraction and relaxation. According to Chauveau and Kaufmann (.5), 
the blood flow rate attained in the horse while chewing oats varies from 
5G-5 to 123-5 c.c. (the average being about 76, or about four times the resting 
flow). In Barcroft and Kato’s (4) observations in which a muscle of the 
dog’s leg was stimulated electrically once a second for 15 minutes the rates 
are even more variable, form 2-1 to 110 (average from their Table YI being 
about 30, or hardly double the average resting value). 



Fig. 7. ESect of two quick, short and strong contractions. Xote the large oscillations due to 
contraction and relaxation ; also tlie normal i-ariations of limb volume returning after 
(first contraction) and before (second) the increase of limb volume following contraction 
subsides. (D.S., 10.9.37.) 

In dealing with after effects of repeated contractions, a standard exercise 
has been used throughout, namely, a short strong grasp of the bar lasting 
about a half second and repeated every second. The exercise is easily 
performed bj' unpractised subjects and most of them can continue for 
4 to 5 minutes before the forearm muscles are fatigued. It is not feasible 
to ensure that the exercise is alwaj’s carried out in exactly the same way as 
regards strength and diuation of the contractions but even so the results 
are in good agreement in different subjects and in the same subject from time 
to time. The end point of the hyperajmia following exercise is often not 
prcciseh* determinable because the small variations of resting blood flow, 
indistinguishable during tlie height of the hyperremia reappear as this 
subsides (Fig. 7) sometimes in an exaggerated form. 

Immediately after exercise limb and pulse volume and blood flow are 
greatly increased ; they subside at first rapidly and then more slowly to the 
resting level. In general, it can be said that the longer and the more 
strenuous the exercise the greater and the longer lasting the after effect.':. 
After 4 or 5 minutes of exercise the blood flow rate reaches 25 to 35 c.c. and 
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does not return to resting level for 15 to 30 minutes. These findings, 
exemplified in Table I, are in general agreement with previous work, though 
comparable data are lacking. Even udth longer exercise, using maximal 
contractions, the hypersemia is neither materially increased nor greatly 
prolonged beyond these limits. Barcroft and Kato (4) record a hypersemia 
lasting several hours (in their Experiment 11 over seven hours) after 15 
minutes’ rhythmic stimulation of a dog’s muscle ; nothing comparable to 
this has been observed in the human hmb. 


TABLE I (Normal Subject). 


Blood floiv rates in c.c. per 100 c.c. limb volume per min.. 


Duration 

of 

exercise. 

Resting 

rate 

before 

exercise. 
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diatel}’ 1 
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Minutes later. 
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1 

i 1 ; 

1 3 ; 4 1 5 1 
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9 

1 

11 

13 

15 

1 sec. 
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1 

1 
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1 

1 
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1 
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1 
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i 

j 



5 sees. 
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! 

126 
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i 1 

1 ! 

! ! 

1 3-2 1 
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1 1 

1 
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1 

1 1 

i 

1 

! 

1 


1 

1 

20 secs. 

1 

M 

i 

19-5 

i 

15-7 

i 

9‘2 I 7-7 i 

i 1 

1 

3-2 

2-3 

2-8 

1 

j 

2*0j 1-9 

1-7 

M 




1 

1 

40 sees. j 

1 

i 

0-9 

29-2 

1 

24-0 

1 ! 

15-5 1 10-9; 5-7 

i 1 

! i 1 

2-8 1 2-0 1 2-8 1 2-0 

i ' ' 

1-9 


M 

1-0 

i 


4 mins. 

0-9 

33-2 

B 

. 1 

16-9 12-9! 7-5 

1 1 

i t ! 

6-0 1 3-4 : 2-3: 2-3 

1 < i 

■ 

1-3 

1 I'l 

i 

1-1 

0-9 


D.S., 16.11.37. Water bath 30°C.. Boom temperature IS'C.. Limb volume 700 c.c.. 
Subject comfortably warm. 


T/ie mechanism of the vasodilatation due to exercise. 

It is generally accepted that, as Gaskell (10) first suggested, the increase 
of blood flow brought about by exercise is due to the release of vasodilator 
substances from the active muscle fibres and that vasomotor nerves play 
little if any part. Observations on man bring fresh evidence on both these 
points. 

(a) Sympathetic nerves. Our knowledge of the distribution and function 
of the sympathetic nerves to voluntary muscle is stiU uncertain and, so far as 
I am aware, no data are recorded as to the effect of exercise on muscle blood 
flow in limbs after section and degeneration of the sympathetic nerves. The 
observations on sustained and repeated contractions described in the foregoing 
pages have been repeated on one patient six months after right cervical gan- 
glionectomy for relief of symptoms due to arterial obstruction in the right 
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hand.* The results, exemplified in Table II, reveal no essential difference 
between the hyperajinia of exercise in the right arm long deprived of its 
sympathetic nerves and that in the left normal arm. A minor difference 
is that while the maximum hyperajmia attained by long exercise is about 
the same in the two arms, the hyperajmia provoked by shorter exercise is 
greater in the right than in the left arm. This is probably due to the 
increased sensitivity of denervated vessels to stimuli of all kinds. The 
greater dilator effect of minute doses of adrenaline in this j^atient’s right arm 
as compared with his left was described in a previous paper (11). Circulatory 
arrest also provokes a greater and longer lasting hyperremia in the right than 


MIN. 



Fig. S. Forearm blood flow rate before and after four minutes’ standard exercise (continuous 
line) and five minutes’ iscbajmia (broken line). Time in minutes after end of exercise and 
after restoration of circulation. (S.K., 11,1 1.37.) 


in the left forearm (Table II). It may be concluded, therefore, that the 
sympathetic nerves play no essential part in provoking the local vasodilata- 
tion of exercise. 

(6) Dilator substances. Gaskell (10) drcAV attention to the resemblance 
of the effects of sustained contraction to those of circulatory arrest and he 
considered the possibihty that the hyperaemia following a contraction might 
be due to anaemi^ caused by the contracted mass of the muscle. He found, 
however, that the Effects of a short tetanus are greater than those of a longer 
period of ischmmia^ It has been seen that in man, while there is a 

“^Tliis patient is rcferrec\\to in the previous paper (11). The circulation to both forearms 
was normal. 
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compression of the vessels by contracted muscle, the compression is 
insufficient to prevent them dilating so that ischasmia during contraction 
cannot be regarded as the cause of the hypersemia follovung exercise. There 
is further evidence for this viev. In man the chief difference between the 
h 3 ’^perjemia of exercise and that following a similar period of circulator}* 
arrest is the greater duration of the former, (see also Lewis and Grant (14)). 
As is shown by the example given in Fig. 8 following o minutes circulator}* 
arrest, the blood flow rate rises to 37-2 c.c. but this largely subsides within 
a minute and retvuns to the previous level within 4 minutes. After 4 minutes 
of the standard exercise of grasping the bar, the blood flow of 24 c.c. subsides 
much more slowly, and retiuns to resting level only after 13 minutes. Though 
the degree of hypersemia following ischsemia is apparently greater than that 
after exercise it is to be remembered that in the former the hypersemia 
affects all the tissues of the forearm while in the latter it affects only or 
mainly those of the active muscles ; if allowance is made for this the 
hyiiersemias are of the same order of intensity ; that following arrest is 


MIN. 
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Fig. 9. Skin tcmpcratmcs on flexor nnd extensor aspects of both forearms (R.L. Ext. and Flex.). 

Durations of exercise and of inflation of arm and -wrist cufis indicated by horizontal lines. 

(R.G., 27.10.37.) 

strikingly more transient than that after exercise. This difference is 
reflected also in skin temperature, Avhich rises but little after circulatory 
arrest ; if the muscles are exercised during a period of ischtemia skin tempera- 
ture rises conspicuously when the circulation is restored (but not until then) 
(Grant and Pearson (11)). 

That metabolites are responsible for vasodilatation in various organs 
has been amply confirmed since Gaskell’s time, but there is little direct 
evidence for voluntary muscle (see Barcroft and Kato (4)). Additional 
evidence is provided by showing that the hyperromia of exercise is delayed 
by circulatory arrest, as is exemplified by the following experiment. Both 
forearms are exposed, pronated and resting on sandbags at the elbow and 
wrist, sphygmomanometer cuffs being applied to both upper arms, and to 
both wrists, but not inflated. Skin temperatures are recorded from the 
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flexor and extensor aspects of both (Fig. 9). Wlion the skin temperatures 
are sufficiently low the circulation to both upper arms is arrested. The 
right wrist is extended and dropped once a second for three minutes and then 
allowed to rest.* Four minutes later the left extensor muscles are exercised 
in the same Avay and at the end of three minutes, botli wrist cuffs are inflated 
and the ui^per arm cuffs released. Tlie skin flushes brightly and returns to 
normal after three minutes. The temperatures of the flexor aspects show 
only the small rise due to the reactive hypersemia. Those of the extensor 
aspects both rise quickl}’^ and rise at tlie same time to equal heights and faU 
simultaneously, although the exercise of the rigJit arm finished seven minutes 
before that of tlie left. Again as is shown in Fig. 10, in patients suffering 


MIN. 



Fig. ]0. Forearm blood flow rate before and after 40 secs, standard exercise in a normal subject 
(continuous line) and in a patient (broken line) suffering from tliromboangeitis obliterans, 
the brachial artery being blocked above the elbow. Note the unusually high resting rate 
in the patient, duo probablj' to a slight tremor of the muscles. (D.S., IC.11.37; H.P. 
8.11.37.) 

from arterial obstructionf the hypertemia of exercise (like reactive hjqpertemia) 
though reduced in degree, is prolonged in time. These observations point 
strongly to relatively stable metabolites as being responsible for the vaso- 
dilatation due to exercise. 


* This exercise brings into play the extensors but avoids sj-nergistic contraction of the 
flexors. \ 

t It has been\omted out (11) that Hewlett and Zwaluwenburgs’ (12) method is not always 
suitable for measuriW blood flow in patients in whom the main arteries of the limb ^ 
owing to compressio^of collateral vessels. If, however, as the case illustrated in Fig. 10, tlie 
blood flow rate is not\ncreased bv reducing the congesting pressure from 60, m 10 mm steps, 
to 30 mm. Hg, it maAbe concluded that the arteries supplying the forearm are not being 
compressed. 
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SuJDtAEl' AXD COXCUTSIOXS. 

1. Using mainly a piethysmograpbic method, observations are described 
on the local vascular effects of exercise of the voluntary muscle of the human 
forearm. 

2. The resting blood flow rate is much lower and more constant than 
is found in animal experiment. 

3. A sustained contraction of the muscles compresses the vessels ; 
the degree of compression depends on the strength of contraction ; it is 
insufficient to prevent, hut controls the degree of, dilatation and increase 
of flow which develop while contraction is maintained. The compression 
is removed with relaxation. 

4. After exercise of the muscles, blood flow is greatly increased ; the 
longer and the more strenuous the exercise the greater and the longer lasting 
the subsequent hyperffimia. 

5. The local vascular effects of exercise are independent of the 
sympathetic nerves. 

G. Evidence points strongly to relatively stable metabolites as being 
responsible for the hyperemia of exercise. 
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OBSERVATION'S ON REFERRED RAIN ARISING FROM MUSCLE. 


By J. H. KELLGREN.* 

{Department of Clinical Research, University College Hospital Medical 

School). 


Lewis has recent!}’’ shown (4) that the quality of pain provoked from somatic 
structures depends more upon the structure stimulated than upon the nature 
of the stimulus. To provoke pain he has injected small quantities of various 
substances into structures such as muscle, tendon, and periosteum, and has 
found that each structure gives rise to pain which is characteristic, but 
independent of the substance injected. In particular he has found that the 
pain produced by injecting such substances into muscle is identical with 
that resulting from muscle contracting under ischremic conditions, and 
therefore represents true muscle pain. 

During these experiments Sir Thomas Lewis noticed that pain arising 
from muscle might be referred to a distance, and he suggested that, using 
the injection method, I should make in his laboratory a systematic 
examination of pain provoked from the accessible muscles of normal subjects. 

Clinical observers (3, 5, G) have pointed out that painful conditions of 
tlic extremities ma}’’ be associated with tender areas in the muscles of the 
limb girdles, and haA-e suggested the possibility that pain arising from muscle 
ma}' be referred. Tlie following observations were carried out as a 
preliminary study, with a view to subsequently exploring the occurrence 
and possible significance of pain referred from muscles in patients. 

Method. 

The injection of chemical solutions is a very convenient method of 
producing pain from any muscle or any given part of it. Hypertonic saline 
was chosen as the most satisfactorj’ agent. A 6% solution of sodium chloride 
when injected into muscle in amounts of 01 to 0-3 c.c. gives rise to continuous 
])ain, which rises rapidh' to a maximum of considerable severity, and subsides 
nrore slowly over a period of 3 to 5 minutes. It leaves no undesirable after 
eficcts. 

Different muscles were found to differ considerably in sensitivitr*. For 
instance 01 c.c. G% saline when injected into the rectus abdominis or into 


• A\orkinp under pmnfs received from the 3kre<Jical Rcseaixh Council, ^md from the Jfcdical 
nnd Surgicnl Vnits of Uni\*er5i(y College HospUaL 
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the small muscles of the hand gives very severe pain, while the same quantity 
injected into the biceps or glutei gives only slight pain. For this reason 
different stimuli were used on different muscles, the amounts varjung from 
0-1 c.c. of 4% to 0-3 c.c. of 6% saline. 

Injections of similar quantities of 1% methylene blue into cadavers 
showed that the dye could be accurately placed inside muscles and did not 
spread Avidely through the tissues. The portion of muscle coloirred b}’^ the 
larger quantities of dye was about 2 cm. X 3 cm. x 1 cm. though the exact 
distribution of the dye varied considerabl}'^ with the different arrangements 
of muscular fibres in different muscles. On rare occasions injected saline 
would seem to have stimulated nerve trunks. These have been small 
nerves such as the intercostal or digital nerves, and the result has been a 
sensation of burning pain and jiins and needles felt in the cutaneous distribu- 
tion of the nerve in question. This sensation is strikingly different from 
that j)roduced bj*^ saline injected into muscle, and the two are not likel3^ to 
be confused. 

The observations have been carried out chiefly upon m3’self and other 
workers in the laborator3^ In man3' of the critical experiments I have had 
the good fortune to obtain the help of colleagues who are themselves working 
on other aspects of sensoiy disturbances, and are unusuall3’^ experienced in 
subjective observation. 

No statement is made about the distribution of pain which has not been 
observed b3’^ at least three subjects. 

Differentiation of muscle and fascial pahi, and coiistancy of reference. 

A muscle may be considered as being made up of three parts, a flesly 
bell3% tendon, and fascial covering and tendon sheath. Eeferred “ muscular ” 
pain might arise from an3’' of these structures. To determine wliich structure 
is responsible two sets of observations were made. 

For the first the gluteus medius was chosen because of the tough Avell 
developed fascia which covers it. Three buttons of novocaine were 
introduced into the skin of the buttock 4 cm. apart. Three large intra- 
muscular needles were passed through the antesthetised skin, and were moved 
about in the subcutaneous tissue without an3’^ pain being appreciated. The 
needles were then impinged in turn on the gluteal fascia, which could be 
felt easily as a resistant layer. The subject was unaware of which needle 
was being moved. Stimulation of the fascia in tliis way produced pain 
which was recognised as arising from a point localised regular^ a few 
centimetres distal to the needle concerned. OT c.c. of 6% saline was then 
injected through each needle into the fascia. This gave a similar pain 
locabsed in the same way. This “ fascial ” pain was easily distinguished 
from “ skin ” paip^ b3’^ its different quality. The needles were then passed 
deeply into the muscle, kloving the needle point about vigorous^ gave 
rise to a very sliglA diffuse pain felt in most of the buttock. 0-2 c.c. of 
6% saline was then\njected into the muscle. This gave a diffuse pain of 
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greater severity felt clearly in the lon'er part of the buttock and the back of 
the thigh, and occasionallj^ as far distant as the knee. These observations 
vere repeated on tvo other subjects in exactl}' the same vaj' and vith similar 
results. Pain derived from the fascia is confined to the neighbourhood of 
the point stimulated, and pain from the muscle is felt diffusely and is referred 
dovn the back of the thigh (Fig. 1). 



Fig. ] . Hatclied area represents t)ic distribution of sliglit pain from gluteus medius stimulated 
at points of injection. 


The second set of observations vas repeated on 14 different subjects, 
the object being to see if the reference is constant in different individuals, and 
if it changes ivhen different parts of the same muscle are stimulated. For 
this the tibialis anticus ivas chosen because of its accessibilitj' and simple 
structure. The procedure was similar. Three buttons of novocaine were 
introduced into the skin over tlie tibialis anticus ; the first and second over 
the upper and middle parts of its fleshy belly (about 8 cm. apart), and the 
third over the tendon where it hes in front of the ankle. H^’podermic needles 
were then passed through each anresthetised patch of skin and made to scratch 
the fascia or tendon shcatli. This produced severe pain which was always 
recognised as coming from a point localised regularly about 2 cm. distal to 
the needle by most subjects and accurately at the needle by a few. The 
needle was then passed deeply into the muscle at the uppermost point, its 
introduction giving no pain after the fascia had been pierced. OT c.e. of 
0% saline was then injected into the muscle. This gave a diffuse pain felt 
by most subjects in front of the ankle and in the outer and middle part of 
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the front of the leg. A few subjects had ankle pain only, and one subject 
bad pain only in the leg. The results obtained from injection at the second 
point of the muscle were similar. Passing the needle into the tendon 
occasionally gave a purely local pain. The injection of 0-05 c.c. of 6% saline 
into the tendon substance gave diffuse pain felt over a small area on the 
medial aspect of the instep, this result being uniform in all subjects. At 
first saline was also injected into the fascia and tendon sheath, but as the 
pain produced did not differ from tlmt produced by passing the needle this 
was discontinued after the first few subjects (Fig. 2). 



Fig. 2. Distribution of pain from tibialis nnticus stimulated at points of injection ; muscle 
pain hatched ; tendon pain stippled. 


It appears from tliese observations that the gluteal and anterior crucal 
fascise are sensitive structures, and that pain arising in them can be recognised 
as coming from points which can be localised nutb fair accmacy. The 
muscle bellies are less sensitive, and in them a local stimnlns is not recognised 
as such, pain being felt diffusely over a considerable area which may be 
situated at a distance from the point stimulated. Pain from tendon is 
intermediate betw^^ these two. With a given stimnlns pain from the 
tibialis anticus is ah^ys referred in tbe same general wa}^ ; though there is 
of course some variation in the distribution from individual to individual. 
There is also some vatimon with the point of muscle stimulated ; thus, the 
higher point gives painMn the leg at a higher level and ankle pain more 
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frequently than the lower. With muscles of more complex structure the 
reference is more variable. For instance in the triceps the distribution of 
the pain varies according to which head of the muscle is stimulated, and the 
pain may be referred to almost any part of the upper extremity. 

Local j)ain from mvscle. 

In certain muscles the injection of saline gives rise to a sharply localised 
pain in addition to the more diffuse pain which may be referred. This very 
local pain is similar to the pain derived from fascia. The trapezius, pectoralis 
major, deltoid, serratus magnus, vastus internus are examples of muscles 
giving rise to clearly defined local pain ; tliis local pain is, however, present 
to a lesser extent in the majority of muscles. It will be noticed that these 
muscles form superficial sheets permeated bj’’ fascial septa, and it seems 
probable that in them the saline stimulates both muscular and fascial elements. 
There would seem to be a difference between this sharply localised pain, and 
tlie diffuse muscular pain even when the point stimulated lies within the 
distribution of the latter. 

Some examples of reference. 

Varying amounts of hj-pertonic saline were injected into a large number 
of muscles in different individuals and the character and distribution of the 
referred pain noted. Some general characteristics of these pains will be 
described first. 

As already stated the pain is felt diffusely over a wide area, often 
situated at some distance from the point stimulated. The e.xtent of the area 
increases uith the strength of the stimulus. The smallest area seemed 
about 4 cm. square in extent, lesser stimuli being unappreciated, or felt as a 
vague discomfort in the same region. The pain is not distributed evenly, 
there being usuall}’ one or more small regions of maximal intensity surrounded 
by a zone of slight pain. IVlien there are two or more regions of maximal 
pain thej' are rarely appreciated simultaneously, the pain being felt most in 
the several regions successively. This phenomenon is sometimes described 
by subjects as a “ mortng ” or “ shooting ” pain. 

Some of these regions of maximal pain are described as situated in 
structures other than muscle. In the limbs the pain is often described as 
felt deeply near joints. For instance OT c.c. of 6% saline injected into the 
muscle of the infraspinous fossa, gives pain felt deeply at the shoulder tip. 
Similarly pain from the peroneus longus is described as felt in the ankle 
and pain from the vastus intermedius in the knee. Pain from the flexor 
digitorum profundus, may seem to come from the knuckles ; and when this 
is compared with the pain produced by injecting 0-3 c.c. of 0% saline directly 
iiito (he joint space of the corresponding metacarpo-phalangeal joint in the 
opposite hand, the two pains are stated to be very similar if not identical. 
From these examples it is clear that pain arising in muscle and referred to 
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the region of a joint may easily be confused w-ith pain arising in the joint 
itself. 

In the head, other structures may be involved. 0-1 c.c. of 6% saline 
injected into the masseter where it lies over the angle of the mandible produces 
pain felt mostly within the mouth in the region of the upper jaw, Avhich is 
described as “ toothache ” ; some pain may also be felt in the region of the 
temperomandibular joint, and the external auditory meatus. The same 
quantity of saline injected into the small muscles of the sub-occipital 
triangle gives pain felt deeply in the head which is described as “ head ache,” 
and saline injected into the occipitalis or the facial muscles in the region of 
the canine fossa may give rise to “ ear ache,” though in the face the saline 
produces much " skin ” and “ facial ” pain which makes the more diffuse 
pain difficult to recognise. 

The back muscles also give interesting examples of reference. 0-2 c.c. 
of G% saline injected into the sujierficial layers of the erector spinai in the 
mid-lumbar region gives pain felt over the upper part of the buttock ;. 
this jDain feels more superficial than most muscular pains and when it is 
compared with the pain prodizced by injecting saline into the gluteal fascia 
of the opposite side the two pains are found to be very similar in quality. 
The same quantity of saline injected deeply into the multifidus opposite the 
1st and 2nd lumbar spines gives less pain in the back, and may give pain 
felt in the region of the scrotum of the same side, which is very similar to 
pain produced by squeezing the testis of the opposite side. 

From these observations it would seem tliat pain arising from muscle 
may often fail to be recognised as such, and may be ascribed by the subject 
to other structures such as joints, teeth, or testis. 

Segynenial distrib^ition. 

In order to decide if the distribution of referred muscular pain follows 
a spinal segmeirtal pattern, it becomes necessarj’^ to record the distribution 
of the pain uith accuracy. This is not always easy. Firstly, the pain is 
diffuse. Secondly, there is individual variation, in that some subjects describe 
only the distribution of the regions of maximal pain while others give the 
complete zone of slight pain as well. Thirdly, the distribution varies with 
the severit3’^ of the pain. But if subjects displavdng full areas of distribution 
are used, and if the stimulus is graded to give pains of comparable severity, 
and the subject repeatedly marks out the limits of the pain while it lasts 
thesk difficulties largely disappear. 

^mnh. The trunk muscles were investigated first because of thefr 
simple Vegmental innervation. Saline was injected at three points ; into 
the 9th intercostal siiace in the mid-axillary line, into the multifidus opposite 
the 9th Ihoracic spine, and into the rectus abdominis 3 cm. above the 
umbihcus ; ''•.the presumption is that the muscle at these three points is 
supplied by vhe 9th thoracic nerve. The rectus gave severe pain in front 
in the hypoclu^drium and slight pain in the back. The multifidus gave 
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severe pain in the bach and slight pain in front ; while the intercostal space 
gave moderate pain both front and back. The regions in ■vrhich pain was 
felt were tlie same in these three observations, only the relative intensity 
varied as between front and back (Fig. 3). Similar observations were made 
at different levels from the second intercostal space to the pnbes, and were 



Fig. 3. Distribution of pain from muscle supplied by 9th thoracic nerve ; when multifidus 
injected horizontal hatching ; when intercostals injected vertical hatching ; when rectus 
abdominis injected stippling. 

repeated on different subjects. The results were substantially the same 
except that at certain levels the erector spinte gave no pain in front, and 
that in some subjects the reference from back to front was unobtainable. 

Three neighbouring intercostal spaces were injected and the resulting 
pain areas were found to be situated one above the other at levels differing 
by the width of a rib and intercostal space (Fig. 4). 





I'ig. 4. Distribution of pain from intercostals. Bight side sliows slight pains from •Jth, 5:h and 
Cth spaces. Left side shows vera* severv pain from 5tli space. 
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It will be noticed that the pain -areas together cover most of the limb and 
present little overlap. 

Muscles until motor supply from more than one segment were chosen, 
for instance, 

Infraspinatus O5, c- Serratus anterior C^, c, 7. Latissimus dorsi Cg, 7, g. 
The distribution of the referred pain from these muscles is shown in Fig, 7. 





Pig. 7. Distribution of referred pain from arm muscles. Prom serratus anterior vertical 
hatching; from infraspinatus oblique hatcliing ; from latissimus dorsi stippling. 
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It -vnU be seen that the pain areas fall -Kithin the corresponding segmental 
areas of reference obtained by the previous experiment. Other muscles of 
the arm vhen tested gave referred pain distributed similarly in accordance 
nith expectation. 

In the leg there are no muscles supplied on the motor side from a single 
segment, and an anatysis as simple as in the case of the arm cannot be 
accomphshed. Injections into a large number of muscles have shown the 
pains to be referred widely up and down the leg ; broadly speaking, the 
muscles supplied by the 2nd, 3rd, and 4th lumbar segments give pain 
distributed over some part of the front of the thigh, knee, shin and ankle, 
while muscles supphed by the 5th lumbar and 1st and 2nd sacral segments 
give pain distributed over the buttock, the back of the thigh and calf, and the 
foot. Some typical examples are shown in Pig. S. The segmental distribu- 
tion of these pains in the leg has not been demonstrated so clearly as in the 
arm, but no pains have been observed with distributions inconsistent with 
a segmental pattern. 

Comment. From the foregoing observations it would seem justifiable 
to conclude that, when saline is injected into a muscle, pain is referred to 
regions corresponding to the spinal segments from which its motor innervation 
is derived. In the limbs, the pain is only felt in a part of the available 
segmental regions unless it is severe. Each segmental region appears to 
consist of two component parts, one in the back, the other in the front of the 
trunk or in the limbs, and these parts seem to correspond uith the anterior 
and posterior primar}' dirisions of the spinal nerves. 

It may be said that the distribution of referred pain arising from muscle 
follows a spinal segmental pattern. It is to be remarked that the pain felt 
is deep and diffuse and that the pattern does not correspond ivith the sensory 
segmental pattern of the skin as demonstrated by Head (2) or by Foerster (1). 

Spread of pain bcliceen anterior and posterior divisions and between segments. 

Anterior divisions. Referred pain derived from the musculature 
innervated by the anterior divisions is distributed in three ways. Pain 
arising from the intercostals and abdominal obliques is felt equally in back 
and front and seems to be distributed over a single segmental region. Pain 
arising from the rectus abdominis is felt largely in front, and seems to be 
distributed over the anterior regions of several segments, wliile the slight 
pain felt in the back is confined to a single posterior segmental region. 
Pain arising from the limb muscles is confined to the limbs and is only dis- 
tributed over part of the available anterior segmental pain regions unless 
the pain is severe. 

Posterior divisions. The musculature innervated by the posterior 
di\ isions can be divided into two groups ; the long muscles represented 
b^ the sacrospinalis, and the short muscles represented by the multifidus, 
the intertransverse, and other small muscles of the back. Pain derived 
from the two groups difiers in its distribution. The long muscles give pain 
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almost elitiroly in the back and distributed over a vide area which seems to 
cover the distribution of several posterior segmental regions. From the 
short muscles pain is felt less extensively in the back but more in front, or 
in the limbs where it seems to be distributed over the anterior region 
corresponding to the segmental muscle stimulated. Fig. 9 illustrates results 
obtained from these two groups of muscle at the level of the 9th thoracic 
and 5th lumbar spines. 




Fig. 8. Distribution of pain fioin leg muscles. From snrtorius (right leg) and from adductor 
longus (left leg) oblique hatching; from gastrocnemius vertical hatching; from first 
interosseuB horizontal hatching ; from tensor fascuo femoris crosses ; from peroneus longus 
stippling. 


The posterior segmental pain areas are found to correspond approx- 
imately with the distribution of the posterior primary divisions of the corres- 
ponding spinal nerves after they emerge from under cover of the muscles. This 
is shown in Fig. 10. The posterior di\dsions of the 6th, 7th, and 8th cervical 
nerves fail to emerge from under the muscle ; and it is interesting to note 
that the pain produced bj’^ injecting 0-3 c.c. of 6% sahne into the erector 
spinse ojDposite the 7th cervical spine is felt in two regions, corresponding 
to the ^stribution of the 1st thoracic and to the 2nd, 3rd, 4th, and 5th 
cervical nerves, no pain being felt opposite the site of injection. 

Intersegmental spread. The intercostal muscles probabl}’’ represent 
the purest segmental musculature in the bod^’^ ; and the following 
observations were made to show the spread of pain arising from the intercostal 
spaces. Slight pains were produced from the 4th, 5th, and 6th intercostal 
spaces and their distribution in fr-ont and back noted. A very severe pain 
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-R-as then produced from the 5th space and its distribution was found to 
cover the distribution of aU tliree slight pains. Tins « ^ho^ m Fi . . 

The observation suggests that very severe pain denred from a muscle 
Jupplld by a singlfspinal nerve may spread to neighbouring segmental 

pain regions. 



Fig. 0. Distribution of pain Irom saciospinalis (vertical hatching) and multifidus (horizontal 
hatching) stimulated opposite the 9th thoracic and 5th lumbar spines. 


Referred- tenderness. 

In this work on the distribution of pains arising from muscle it was 
often noticed that the region in which the pain is felt is tender to pressure ; 
tliis tenderness appears to lie deep to the skin. 

The extensor digitorura communis in the forearm was chosen for further 
investigation. 0-2 c.c. of 6% saline when injected into the heUy of this 
muscle in the forearm gives some pain in the forearm and severe pain over 
the hack of the hand. The sensation on the back of the hand was tested 
before and after the injection of saline, and it was found that wlule the pain 
lasted there was slight tenderness to deep pressure and more definite tender- 
ness to tapping but no skin tenderness could he detected. These observations 
were repeated using the braehialis anticus which gives pain in the region 
of the elbow and over the radial aspect of the forearm. The tenderness of 
tlic forearm has the sanie characteristics as those just described. The 
referred tenderness is found to correspond in distribution with the referred 
pain, except when this jiain is felt deeply in the region of joints, and then the 
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tenderness is often absent. The tenderness also corresponds "ndth the pain in 
duration and severity. 

The idea that the tenderness is deep rather tlian cutaneous is confirmed 
by the foUo'wing experiments. 1 c.c. of 2% novocaine is injected 
intradermally to give an analgesic area of skin about 2 x li inches on the 
back of the hand. The tenderness resulting from saline injected into the 
extensor digitorum is undiminished beneath the area of analgesia skin. 
But if both skin and deeji structures on the bade of tlie hand are ancEsthetised, 




Fig. 10. Distribution of posterior pain areas and posterior divisions of spinal nerves. On 
left hand figure hatched areas represent pain referred from the front. On right liand figuie 
hatched areas represent pain from sacrospinalis injected opposite the spine corresponding to 
the number noted. 

the tenderness is no longer obtainable, though the severity of the spontaneous 
pain felt over the back of the hand remains undiminished. Tliis is observed 
more clearly if similar pains referred to the antesthetic and non-aneesthetic 
hands are compared simultaneously. This experiment is open to the 
criticism that the pain might be felt deeper in the hand than the ansesthetic 
had penetrated. This is avoided by using the flexor digitorum profundus 
which gives pain felt in the hand in the region of the hypothenar eminence 
and 5th knuckle. The ulnar nerve is blocked at the wrist with novocaine. 
When the aneesthesia and paralysis are full, 0-2 c.c. of 6% saline is injected 
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into the flexor digitorum profundus belly, and tlie resulting pain is felt 
clearly in the 5th knuckle and hypothenar eminence, although both these 
structures are completely anEesthetic. 

From these observations it seems that referred pain from muscle is 
associated ■with tenderness of the deep structures rather than of the skin. 
If the region to which pain is referred is ansesthetised the tenderness is 
abolished but the pain remains unchanged. This suggests that the pain is 
independent of sensory impulses derived from the region of reference. 

Comment. The results of these experiments may be discussed briefly 
in their relation to the mechanisms of referred pain. 

The segmental distribution of muscle pain shows that it depends upon 
the arcliitecture of the nervous system. 

The observation that the pain is not abolished b 3 " anjesthetising the 
region of reference is inconsistent with the idea of an irritable focus in the 
cord, or u’ith anv' reflex mechanism involving stimulation of the nerve endings 
in the area of reference, as under these theories the pain would be dependent 
upon sensory impulses derived from the area of reference. 

What then ma^' be the mechanism ? Two points seem to throw light 
on this problem. Firstlj', the pain does not appear to be referred to areas 
of skin, but rather to deep structures such as the joints or testis ; and 
sccondlj" pain arising from muscle appears to be confused bj’ the subject 
with pain arising directlj' from these other structures. Tliis suggests the 
possibilit}' that the impulses responsible for pain from muscle and from the 
other deep structures, mav* follow a final common path in the central nervous 
s 3 -stcm. That referred pain from muscle is alwav’s a diifuse pain might be 
explained In- the ]}ain fibres from muscle having diffuse instead of accurate 
synnptical connection -nith the central nervous system. 

SUJtSIABY A>’D COXCLUSIOXS. 

1. An extensive investigation has been made of the characters and 
distribvition of pain produced from accessible somatic muscles. 

2. Fascia and tendon sheath give sharph' localised pain, while muscle 
gives diffuse pain which is referred. 

8. The diffuse pain from a given muscle is alwav's distributed within 
certain regions, though the distribution within these limits varies from in- 
dividual to individual, and according to the part of the muscle stimulated. 

•1. Pain from muscle inaj- be confused with pain arising from other 
deej) structures such ns the joints and testis. 

5. The distribution of the diffuse pain from muscle ajipcars to follow 
a sjtinal segmental pattern. This pattern differs from that of the segmental 
innervation of the skin. 
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6. Referred pain from muscle is associated until referred tenderness 
of tlie deep structm’es. 

7. The mechanism of reference is briefly discussed and it is suggested 
that the impulses responsible for pain from muscle and the other deep 
structures may follow a final common path in the central nervous system. 
The diffuseness of the pain might be explained by the.pain fibres from muscle 
having diffuse instead of accurate central sjmaptical connections. 
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DELAY OE PAIN PERCEPTION IN TABES DORSALIS.* 


By E. E. POCHIN. 

{From (he Department of Clinical Research, University College Hospital 

Medical School.) 


Tius pajier deals -nitli the delay which may occur in the perception of pain 
from a single stimulus in tabes dorsalis. 

It was found b}' Lewis and Pochin (6) that a suitable stimulus to normal 
skin caused pain immediately, followed after a brief interval by a second 
pain. Tlie delay of the second pain is due to its slow conduction in peripheral 
nerves, at a rate of about 1 metre per second. 

Tin’s plienomenon of a double pain response to a single stimulus was 
noticed in 1SS4 by Rosenbach (14) although incorrectly explained by him. 
He c.xamincd the pain response from normal skin on account of observations 
by Remak (12) and others who had foimd a delay in pain perception in some 
cases of tabes dorsalis. Rosenbach identified this delayed pain in tabetics 
with his second pain from normal skin, but had no e.xplanation for the failure 
of immediate pain or for the delay of the second pain. It seemed desirable 
to reinvestigate the delayed pain in tabes to determine if the amount of the 
delay is in fact equal to the delay of the second pain in normal subjects. 
It may be stated at once that this has been found to be the case. 

The painful stimulus used was a prick with a needle mounted at right 
angles to a stiff ulre. The prick was made through a sheet of tin foil spread 
on the surface of the skin, thereby completing an electric circuit and recording 
the instant of stimulation on a smoked drum. The subject, on feeling the 
delayed pain, iircsscd a morse kej’ which also recorded on the drum. 

The delay of the second pain in normal subjects was obtained in this 
way, but using a light prick irith the needle. With heavy pricks the 
immediate pain becomc.s so strong that the delaj'ed pain is often unrecognised. 
The results for the leg are given in Table I, each value being the mean of 
to 5 records made after a few trial stimuli. It will be seen that the amount 
of the delay decreases as the stimulus is made higher up the limb, but that 
the values arc only approximately equal in different subjects. As a sufficiently 
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exact measure of reaction time, the subject was given a tactile stimulus 
on the wrist, and instructed to press the key as soon as lie felt the contact. 
These results appear in column 5 of the table. 

TABLE I. 

Delay in seconds. 


Normal .subjects (second pain). 



Site of stimulation 



1 


1 

Kcaction 

Subject. 

Toe. 

Ankle. 

Knee. 

time. 

1. 

2-0 

1-S 

1-4 

0-4 

2 

1 

2-0 

1-S 

1-2 

0-3 

3. 

1-5 

1-4 

1-2 

0-2 

4. 

1-7 

1-0 

0-7 

0-3 

6. 

1-5 

1-4 

1-2 

0-3 

C. 

1-9 

1-7 

1-3 

0-4 

Mean 

! 

1-0 

1-2 

, 0-3 

i 

> 


Talrotics (pain). 



Site of stimulation 

Reaction 

time. 

1 

Case. 

Too. 

Ankle, j 

Knee. 

1 

1- 1 

1 

1-S j 

.. 1 

1-0 

1 

0-4 

2, i 

' 1 

1-7 1 


0-4 

3. 

i 1-5 

! I 

! 1-2 I 

1-1 

0-4 

4. 

1-S 

l-G 1 

1-2 

0-4 

5. 

1-8 

1-S 1 

1-1 

0-S 

G. 

1-9 

i 

1-5 i 

1-3 

0-G 

7, j 

..0 i 

M 

— 1 

0-G 

s. 

1-8 1 

1-9 j 

1-1 

! 0-2 

Jlcan 

1-7 

1-5 ; 

1 

1-1 

1 0-5 

i 


The delay of pain in tabetics was measured similarly, except that the 
needle prick was stronger. This was so because, from normal skin, a light 
prick may stimulate second pain endings, but be below the threshold for 
first pain and thus give a delay of pain perception. It is therefore necessary 
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to use in the tabetic a strong stimulus which would certainly excite the 
first pain endings in a normal subject, for otherwise a delay would necessarih' 
be found equal to that of the second pain. As so used, the needle gave pricks 
with a tlirust of 20 g., while in the normal subject the first pain is clear with 
pricks of a 2 gram thrust. 

Twelve consecutive tabetics were investigated, in whom the diagnosis 
was clear, and of these seven experienced only a delayed pain in the legs. 
In these a needle prick was felt as a touch unaccompanied by pain, but 
followed after 1 to 2 seconds by a single burning pain which developed over 
a brief space of time and faded away, leaving a slight itch which could be 
abolished by rubbing. These are also the features of the normal second 
pain. The pain was apparently quite distinct, and responses in the absence 


Secs Ankle Knee 



• Tabetic (.Pam) 

Fig. 3. Dolny in perception of pain for different sites of stimulation, in normals and tabetics. 


of a stimulus were hardly ever obtained. The pain, however, was described 
as dull if compared with immediate pain from unaffected skin. One further 
case of the twelve felt a needle as giving a slight prick when it touched the 
skin, followed b}' a burning pain after the same delay as for pain in the former 
patients. This case was not included in the series. The remaining four 
cases felt pain immediately. No case had complete pain loss from the legs 
except in one instance from the toes. In addition, one case was sent for 
and examined because she was known to have delayed pain perception. 
The results obtained from the eight tabetics showing the phenomenon of 
delay arc given in Table I, Part 2, and compared in Fig. 1 with the delays 
from normal subjects. It will be seen that, for any one given region of 
the leg, the delay is about the same in different tabetics, and equal to the 
delay for second pain in normal subjects. Further, the delay decreases 
as stimulation is made higher up the leg, as is the case in normals. 

It is obvious that the two series arc in conclusive agreement. A minute 
conqiarison of differenecs is impossible for two reasons. Firstly, the routine 
stimulus was strong in tabetics, having a thrust of about 20 g.. but weak 
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in the normal subjects, being varied to give a clear second i^ain sensation, 
and having a thrust of about 1 to 3 g.. Since the second pain develops to 
its full intensit}'- over an appreciable time interval, the stage in this 
development at ■which it is recognised might depend upon its intensitv. 
Ho'o'ever, on comparing a series of light pricks and one of hea'vy prides in a 
tabetic, the delay •was found to be about equal for each.* 

Secondly, the simj)le reaction times for tactile stimuli are on the average 
longer for the tabetics than for the normals. If this implies a difference 
in the interval between experiencing poin and pressing the key, then these 
reaction times should be deducted from the recorded delaj’^s before the 
compai’ison between normals and tabetics is made. Pig. 2 indicates this 
new comparison, and suggests that the small average difference is of doubtful 


Secs. 
2 - 


1 


0 


Toe Ankle Knee 


O 

o 

o 

o 

o 

o 


• • 

• • 


# 



od 

ooo 



0 




o Normal (2ixl* Pair\) 
• Tabetic (Pain) 


Fig. 2. As for Fig. 1 but subtracting reaction times from the recorded delays, 

significance on the number of cases examined, as is indeed confirmed by 
calculation. 

It can be stated therefore, that the delay in pain perception in tabes 
dorsahs is due to a slow peripheral conduction of the pain impulses at a 
rate corresponding to that of the known slowty conducting pain fibres from 
normal skin. And it is concluded that the ajDijearance of the delaj^ is due 
simply to a failure of the rapidly conducting group of pain fibres or their 
connections giving prominence to the effects of the slowly conducting group ; 
and not to s.i\y region of pathologically slowed conduction. 

The frequenc}'^ -^rith which the first jiain sense is lost from the legs 
proved to be unexpectedly high ; but unless sought for specificalh" the 
phenomenon is readily missed, since each prick produces a clear jiain and 
.no defect may be apparent or pain ma3’- simply be described as dull. In 
several of these cases the delay had not been noted in routine neurological 
examination. 

* This observation ■would not, of course, exclude the possibility that, even usmg equal 
stimuli, the second pain semaiiojis might be unequal in the tabetic and the normal, which might 
produce a slight discrepancy in reaction times. 
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It is usually stated that the delay is revealed by stimulation of the legs. 
The question arises vhether the loss of first pain sense is limited to the legs 
or is more generalised. Tests on the -wrists and fingers revealed a loss of 
first pain sense in these positions in half of the cases shoving the phenomenon 
in the legs. In such instances the delay was about 1 sec. from the -wrist, 
and a little more from the fingers, corresponding to the delay of normal 
second pain. In one case the loss of first pain sense was confined to the 
ulnar border of the forearm and -wrist. 

Investigation of first pain loss from areas on the trunk is less simple 
owing to the small difierences between the reaction time for first pain, and 
that for the normal second pain which on the trunli is one second or less. 
In no instance have greater delays been obtained from hjptoalgesic areas 
on the trunk than are normal for second pain in such positions. It would 
be convenient if a stimulus could be found which would consistently excite 
the first pain system but not the second, so that the areas of first pain loss 
could be directly mapped. No such stimulus has been found although it 
seems likely that certain conditions of electrical stimulation might achieve 
this. 

It may be noted that, after a little practise, it is simple to time dela 3 ’s 
approximately, using a watch ticking in fifths of a second. The ticks may 
be counted in fours, the prick being made on a “ four ”, and the counting 
stopped when the patient is heard to say “ Now ! ” The method is rapid, 
and times so obtained agree remarkably witli the more reliable method used 
for these observations. 

The sensorj' defects of the cases have been considered but it is impossible 
to make anj' general statement on the loss of first pain sense in relation to 
the order in which other sensations are lost. 

It should be emphasised that the stimulus has been a single strong 
prick with a needle, first felt as pain after a delay, as observed bj’^ Remak 
(12, 13) ; to be distinguished from a phenomenon described by Naunjm 
(9, 10 and 11) that in tabes, repeated stimulation may begin to cause pain 
after a few seconds, although a single stimulus of the same strength is painless. 
Confusion has arisen because each author partlj* described also the pheno- 
menon observed bj- the other. It should be clear too that this paper nowhere 
deals with prolongation of pain, but vith delay in its onset. In previous 
case reports and in text books the amount of the delay is variousK' stated, 
but usuallj’ without evidence as to method of timing, stimulus or site of 
stimulation. The original systematic investigations include delays for 
other sensations particularly for temperature ; the average values found 
for pain arc 11 sec. from the leg bj* Leyden (7), 21 sec. from the foot bj’ 
Fischer (2) and also bj' Takacs who observed this delaj* in 3 out of S cases 
of ” ataxie,-’ none of whom had delaj* from the arm. 

While the phenomenon is usualh* observed in association with tabes 
dorsalis or other diseases of the spinal cord, Erb (1), Weir Mitchell (S), or 
in pcripiicral neuritis, it may also be found -with local lesions of the peripheral 
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nerves. It is not easy to accept Kraussold’s reports (3, 4, 6) of the develop- 
ment a few days after nerve suture of a long delayed pain with normal pain 
sense ^vithin one or two weeks ; but Erb (1) and Westphal (16) quote cases 
having local lesions in the arm, and pain dela 5 'ed by 1 to 2 sec. and 1 to 14 
sec., on pricldng the sidn of the hand. 

It appears that, while there may yet prove to be instances in which 
delay of pain sensation is due to other factors, the usual cause is a fadme 
of the rapidly conducting pain fibres, without a corresponding defect in the 
slowly conducting group. 


Stjjimary. 

The delay of pain perception in tabes dorsalis is due, not to an abnormal 
slowing of impulses in some diseased region, but to a defect in one group 
of pain fibres which conduct rapidly, revealing the effects of a second group 
which conduct slowly. 
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UXILATEPvAL RETRACTION OE THE UPPER LID IN GRAVES’ 

DISEASE* 


By E. E. POCHIN. 

{From the Dejmrlment of CUnkal Research and from the Surgical Unit, 
University College Hospital Medical School.) 


Of the many eye signs described in Graves’ disease, the tvo vluch are 
outstanding in clinical importance are the most frequently confused Trfth 
each other ; firstly, exophthalmos, consisting of a protrusion forward of the 
eye from its normal position in the head ; secondly, Dalrymple’s sign of 
retraction of the upper eyelid upward and backward over the eyeball, 
producing a characteristically staring eye with exposure of a band of sclera 
above the cornea, as seen in the following cases (Fig. 9). It is unfortunate 
that Dalrymple’s sign creates an illusion of exophthalmos, especially when 
the eyes are viewed only from in front, as has been pointed out frequently. 
It will be shown that the two phenomena, exophthalmos and upper lid 
retraction, ma}’^ appear separatel}' in Graves’ disease. Cases occur in wliich 
there is conspicuous exophthalmos, yet the upper lids are in a normal position 
relative to the cornea ; and other cases are seen in which the upper lid is 
retracted yet there is no exophthalmos, as measured instrumentaUy. In 
these observations, exophthalmos has been estimated by two devices, one a 
modification of Hertel’s instrument, measuring the position of the corneal 
apex relative to the inferior orbital margin ; the other measuring more 
accurately, and from the lateral orbital margins. The words exophthalmos 
and proptosis are used indifferently to refer to a forward displacement of 
the eye. 

Retraction of the upper lid, referred to subsequently as lid retraction, 
is described first. While frequent bilaterally in cases of Graves’ disease, 
unilateral lid retraction is not commonly seen, but is of particular interest ; 
it allows the eyes and lids on the normal and abnormal sides to be compared 
in the same subject, and so may reveal phenomena associated with the 
retraction which are not obvious in the bilateral cases. The appearance of 
tlie eyes is described in detail in four cases of unilateral lid retraction in 
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The lo-\ver lid is a little raised relative to the cornea when the ej-es are 
directed forward and upward and, with a position of the eyes in which the 
normal lower lid margin lies on the limbus, the opposite lower lid covers 
i to 1 mm. of cornea. It is difficult to be certain whether this is due to an 
elevation of the lower hd or to a downward displacement of the globe, or 
whether, as seems probable, both factors enter. 

When the eyes are lightly closed, the free border of the affected upper 
lid remains higher than its fellow. The lower lid is usually brought up to 
meet it, and the palpebral fissure is thus higher on the affected side and 
straighter. 

The upper lid in sleep remains retracted as in fight closme. The lower 
lid, however, is not raised to meet it, so that a gap results (verified only for 
Cases 1 and 2). In full anassthesia the appearance is the same (verified in 
Case 1 onlj’^). 

When the eyes are closed, a conspicuous single fold of skin is present 
on the upper fid of the affected side. This fold is at a level of 6 to 10 mm. 
from the free border of the lid. Similar but bilateral wrinlding of the skin 
of the upper lids ma}’^ be observed in some normal people so that its presence 
does not justifj’^ a diagnosis of lid retraction. In the present group of cases, 
about half showed some bilateral '\vrinkling. In all cases save one {Case 6) 
however, the wrinkling was obviousty greater on the affected side. In one 
instance (Case 2) a miiffile appeared when fid retraction developed on the' 
same side (Figs 7 to 10). 

In all the cases the apijearance of the eye has strongly suggested 
unilateral exophthalmos, but in only one case has there actually been more 
than 1 mm. difference between the eyes. Such a difference is often found 
between the- eyes of normal subjects by the same methods of measurement, 
but a sUght iwominence on the affected side has consistently been noted. 

As the upturned eyes were rotated downward, the affected upper fid 
descended so as to expose sclera above the cornea during most of its descent. 

It is evident that in Graves’ disease fid retraction maj* occur unilaterally, 
or bilatera% as in Case 2, associated with oidy trivial exophthalmos. It 
is now to be considered whether exophthalmos can occur without lid 
retraction and if so, what is the appearance characteristic of this iJiue 
exophthalmos. 

It is of interest to consider first the appearance of the eyes in a simple 
mechanical exophthalmos, although it vdll not necessarfij”- be the same as 
in the exophthalmos of Graves’ disease. When the j)Osition of the fids on 
the two sides is compared in a patient vdth unilateral exophthalmos of this 
kind, it is found that the upper fid maintains its normal relation to the 
pupil, even though the eye is proptosed by 10 mm. or more, the fid itself 
lengthening by several millimetres. The lower fid, however, does not 
lengthen in this way so that, withdrawn downward and under the proptosed 
eye° it reveals a wide band of sclera below the cornea. This appearance may 
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be obscured if the lids are cedematous, or if the optical axes are not parallel, 
but othervn'se appears to hold true. Two eases seen recently illustrate 
this {Figs 17 and 18). 

Cme 7, a young man, developed a secondary deposit from a parotid tumour, producing 
exoplilhnimos of the left eye of S mm. as compared with the right (Fig. 17). There was some 
limitation of movement of the proptosed eye, which was displaced downward, hut there was no 
oxlema of the lids. Relative to the cornea, the left upper lid was normal in position, while the 
lower lid was 3 mm. lower on the eye than its fellow. 

Case S, a man of 3f, had exophthalmos of the left eye of 12 mm. owing to pressure from an 
ivory osteoma arising in the ethmoid bone (Fig. 18). He had some limitation of movement of 
the left ejT, ivhich was displaced upward, but there was no oedema of the lids. This eye could 
bo closed voluntarilj' but was not closed in sleep. Tlie free border of the left upper h'd stood at 
the same level on the cornea as that of the right, while the lid itself was 5 mm. longer than its 
follow in sagittal extent. The left lower lid rested on the eye at a position Cmm. below and behind 
that corresponding to the right lower lid. 

Seale (3) quotes a case in which an ethmoid mucocoele had displaced 
the left ej’e 13 mm. forward, 10 mm. outward, and 5 mm. downward, yet a 
photograpli sliows the position of the left upper lid relative to the pupil to be 
normal, the lower lid exposing a wide band of sclera. The same disposition 
of the two lids is amply illustrated in a series of cases of unilateral 
exophtlialmos described by Elsberg, Hare and Dyke (1). 

Turning now to the exophthalmos of Graves’ disease, the situation is less 
simple since in some cases it is to be expected that lid retraction may also 
bo present. It is found, however, that cases are not uncommon which 
present an appearance exactly similar to that described for exophthalmos of 
mechanical origin ; such cases having conspicuous exophthalmos, j’et with 
an upper lid in a normal position relative to the pupO. The lower lid is 
low, exposing a wide band of sclera below the cornea. The cases must 
presumablj’ be regarded as having exophthalmos but mthout any retraction 
of the upper h'd ; and also indicate that the actual protrusion of the ej-es in 
Graves’ disease probabl}’ gives rise to the same positions of the Mds as it 
does when it arises from mechanical causes. Two such cases of exophthalmos 
without lid retraction maj’ be described. 

Case P, n man of 21, Imd noticed palpitations, tiredness, shortness of breath and prominence 
of the c\TS for about 7 years. On examination he was neiwous and sweating, and had a flushed 
face, nio thjToid was imifonuly enlarged and the hands trembled when outstretched. Tise 
heart was enlarged, with a regular rate of 90 to 110 after a week in bed. 

He ha(i considerable exophthalmos, both eyes being nd\'anced by S mm. from the approximate 
iiornanl position. Wien the eyes looked fonvard the upper lids covered 2 mm. of cornea, while 
the lower lids exposed 3 mm. of sclera (Fig. 5). On his attempting to close his eyes, the lids did 
not quite meet, and the upper lids \rere unwrinkled. 

After thjToidectomy the pulse fell to between CO and 70, A section of the gland shotred 
areas of moderate hj-perplasia, with intervening eolloid-fillcd vesicles and hunphoid aggregations. 

Caw 10, a man of IP, had de\-cloix'd a dislike for hot weather, with nervousness, palpitations 
and sweating for a xvar, during which time his eyes had "swollen.” On examination he was 
lUit.hcd and sweating, and had a soft tmiform enlargement of his thjToid. His heart rate was 
regtilar, and lay betwTcn HO ami 120 after several weeks in bed, the sleeping pulse rate being 
10 U’nts lower. * e j 

Tlje rieht eye was proptoserl by about 5 mm., the left by 7 mm. from an average norma! 
I>osition. \\T)on the e\Ts were looking forward each upper lid cowred 2 mm. of cornea, while 
the right and loft lowvr litis exposed 21 and 31 mm. of sclera rcsjy?cti\ely (Fig. C). The et'clids 
werr' unwrinkled when the ejTS were clo.sed, and the ejvs wxrc not closed in sleep. A month 
after Ihyrnnieetomy the pulse rate ranged l^'tween 75 and 90. A seetion of the glaml revealed 
n consiiicmhlc degree of epithelial hyperjrlasia. 
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Since it appears that the upper lid is not raised by exophthalmos itself 
in cases of mechanical origin and in some instances in Graves’ disease, it is 
lilcelj’- that in the remaining cases of this condition, in which it is raised, lid 
retraction is also present and accounts for the elevation. If this is so, the 
simple position is reached that lid retraction and exophthalmos may each 
be recognised in tlie presence of the other ; lid retraction by the height of 
the upper lid, and exophthalmos bj’- the position of the corneal apex ; for 
exophthalmos does not cause elevation of the upper lid, and lid retraction 
only gives rise to slight exoidithalmos. 

The illusion of exophthalmos is apparently produced by the widening 
of the palpebral fissures which occurs in both conditions, whether it is due to 
an actual protrusion of the eyeballs forward between the lids, or to a retraction 
of the upper lids over the globe. But, while lid retraction gives rise to an 
illusion of exophthalmos, it does not cause the appearance which results 
Avhen the eyes arc in fact proptosed. In lid retraction the palpebral fissures 
are widened upward, sclera being visible above the cornea ; in exophthalmos 
the3’^ are widened downward, the low lower hds exposing an abnormal amount 
of sclera below the cornea. In the former case the abnormalit}^ is most 
evident when the patient looks downward ; in the latter case, when he looks 
upward. The closed eyes no longer appear prominent in Md retraction, and 
the skin of the upper lid is usually uTinkled. Eyes that are proptosed alone 
appear prominent when they are shut, and when thej^ are viewed from the 
side or above ; and when the position of the corneal apex is measured relative 
to the bony wall of the orbit, it is found to be abnormal. 

Since observation of cases of Graves’ disease seems to indicate that lid 
retraction and exophthalmos occur and may varj’^ independently of each 
other, a clear discrimination between the two is important if their respective 
clinical meaning or pathological significance is to be investigated. 

SxraiMARY. 

1. Cases of unilateral retraction of the upper lid in Graves’ disease 
show also on the affected side some elevation of the lower lid relative to the 
cornea, vith a uTinlde of the skin of the upper lid when the eyes are closed 
(Figs 2 and 3). 

2. They present an iUusorj'^ appearance of unilateral exophthalmos 
(Figs 4, 7 and 11). 

3. Cases of upper lid retraction show exposure of sclera above the 
cornea (Figs 9 and 13), while cases of exophthalmos show exposure of 
sclera below the cornea (Figs 5 and 6). 
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so:me observatioxs ox rextx, a pressor substaxce 

COXTAIXED IX XORJLIL IHCXEY, TOGETHER WITH A 

:method for its biological assay.* 


By G. W. PICKERIXG and M. PRIXE^IETALf (Los Angeles). 
{From the Department of Clinical Research, University College Hospital 

Medical School). 


Ix recent years experimental -n-ork has suggested that a chemical and not 
a nervous agent is probably responsible for the high blood pressime produced 
in the dog by constricting its renal arteries (3, 5, 6, 12), and possibly also 
for most forms of persistent high blood pressure in man (14, 15). In the 
experimental hypertension, and in chronic nephritis of man there are 
good reasons to select the kidnej* as the place to search for the supposed 
chemical agent. 

A renal pressor substance was first described by Tigerstedt and Bergman 
(18) in 1808 ; it was found in saline extracts of fresh rabbit’s kidney or of 
the dry residue obtained after treating rabbit’s kidney with alcohol. The 
active substance, which they named renin,” was obtained from cortex 
but not to any appreciable extent from medulla of the kidney* ; it was non- 
dialysable, stable at 5G° but destro 3 *ed bj* boiling ; it was soluble in water, 
gh’ccrinc and in dilute salt solutions, but insoluble in acetone and in 50% 
and absolute alcohol. Injected into anresthetised rabbits,! active extracts 
gave a rise of blood pressure beginning in 10 sec., maximal after 2 min. and 
lasting as long as 20 min. ; the rise was not abolished by section of the 
cervical spinal cord, nor bj- destruction of the spinal cord. Renin had no 
cflcct on the isolated heart. Tigerstedt and Bergman’s findings were 
confirmed by Bingel and Strauss (1) who chicfl\' used renal press juice, and 
who stated that renin was destroved bv alcohol, acetone, acids and alkalies 
and was precipitated bj’ 7/12 saturation with ammonium sulphate. Bingel 
and Strauss’s purest preparation was obtained from autoh’sed renal press 
juice In* fractional precipitation with ammonium sidphate. Other workers 


• Work undertake:! on belmlf of tlie Medical IVtsearcli Council. Tl'.o Eubstonce of tbis 
Jiil'or was comnuinic.atod to the Plij-siological Society on October 1C, 1P37. 

t Kofe.arcli Icllon- of tlie Aincricaa College of Phj'sicianE. 

^ The anacfthotic used tens not Elated. 
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to obtain pressor effects in the ansesthetised animal from saline extracts of 
kidne}’- ^vere Vincent and Sheen (19), who obtained small pressor responses 
as well as depressor responses from saline extracts of many tissues, and 
Shaw (17). On the other hand Pearce (13), using saline extracts of rabbit, 
dog and cat’s kidne 3 ^ and Hartu-ich and Hessel (10) using press juice of pig 
kidnej^ were unable to obtain significant pressor responses in the ansesthetised 
animal. Hartwich and Hessel (11) obtained pressor responses from renal 
press juice autolj^sed under xjdene for 14 days, but the pressor substance or 
substances were probablj’^ amines produced by decomposition and had not 
the properties attributed to renin b 3 ^ Tigerstedt and Bergman and by 
Bingel and Strauss. 

An attempt to find alterations in the renin content of tissues in 
renal disease was made by Bingel and Claus (2) who failed to find any renin 
in the kidne 3 '^s of rabbits poisoned by corrosive sublimate or in the blood of 
“ neplmitics.” Later HartAvich (9) claimed to have produced hypertension 
in dogs b 3 ’’ ligaturing one renal arter 3 % and observed that jwess juice obtained 
from an ischjemic lddne 3 ’^ 4 da 3 ^s after ligature of its artery and vein was 
pressor ; but he was unable to sa 3 f whether this effect was greater than that 
of a similar preparation from normal kidne 3 ^ Prinzmetal and Friedman (16) 
have made more convincing observations, finding that in dogs whose blood 
pressure was raised b 3 '’ constricting one renal arter 3 % saline extracts of the 
ischasmic kidne 3 ’^ gave greater rises of blood pressure when injected into 
unanaisthetised dogs than did saline extracts of the unoperated kidne 3 ' ; 
the 3 ' also observed that saline extracts of human kidne 3 's obtained at autops 3 ’^ 
had, in general, a greater pressor effect in the unancesthetised dog when the 
patients had had raised blood pressiue during life than when the blood 
pressure had been normal. Harrison, Blalock and Mason (S) observed that 
when dogs were rendered hypertensive b 3 ’^ constricting one or both renal 
arteries, or by ligaturing the \ireters, saline extracts of the affected kidne 3 'S 
produced greater rises of blood pressure than did sahne extracts of normal 
dog’s kidneys. 

Unfortunately, during the last 20 years, there have been man 3 ’^ claims 
as to the abnormal presence of pressor substances in the tissues of h 3 per- 
tensive patients and animals, which have not been substantiated by further 
work. And although there are unusuall 3 ' strong indications that a renal 
pressor substance may'^ be the agent responsible for certain forms of hyper- 
tension, there are several obstacles in the path of those who wish to test this 
hypothesis. Thus, the failure of many workers to find any evidence of a 
pressor substance in normal kidneys has raised considerable doubt as to the 
existence of renm, and has led to the view, to some extent fostered by the 
work of Hartwich and Hessel (11), that the pressor substances found by some 
are the products of tissue autolysis or of bacterial action. Again, the kidneys, 
like most other organs, contain abundant depressor material, and it is 
necessary to find some method of getting rid of this before the supposed 
pressor substance can be satisfactorily investigated. Lastly, there is as yet 
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no method of assaying “ renin.” The importance of having a method of 
assay needs no emphasis, for it is largely to such methods that Tve may 
attribute the growth of knowledge concerning the role played by biologically 
active substances in health and disease. 

The present work is an attempt to overcome these difficulties. 

Methods of testing and preparing renal extracts. 

Our earliest preparations were tested on the arterial pressmre of cats 
anjesthetised vith urethane and were invariably depressor. Later we 
obtained pressor responses with similar preparations on the unansesthetised 
rabbit, and we have since used this method of testing renal extracts as a 
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]. Bends from right to left. A manomctric blood pressure record from the femoral artery 
of n mbbit nnn’slhctised ■o'ith sodium luminal (0-25 g. per kg.). Tlie white dots superimposed 
on the record represent readings of s\-stolic pressure in the central artery of the car obtained 
by the capsule method at corresponding times. Tlie arrow marks an injection of 0-5 c.c. of 
Ringer extract of the alcoholic residue from rabbit’s kidney (10 c.c. Ringer per g. residue). 


routine. Tlie injections are made intravenously into the denervated ear 
of a warm unanresthetised rabbit, the systolic pressure being measured on 
the other ear at intervals of 20 to 30 sec. with the capsule described by 
Grant and Rothschild (7). Provided that precautions are taken to keep 
the car flushed, estimations of s 3 ’stolic pressure obtained from the central 
arterj' of the car are, as Grant and Rothschild pointed out, in close agreement 
with the mean arterial pressure recorded by direct cannulation of tlie femoral 
artery- (Fig. 1). 

Tested on the unamesthetised rabbit, saline extracts of rabbit's 
kidney', were chiefly' depressor in doses corresponding to less than 0-25 g. 
kidne}', and in larger doses produced death in about 4 minutes, preceded bj- 
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blanching of the ears and convulsions. We succeeded in obtaining extracts 
%vith a pure pressor effect by tAvo methods. The first method, based on one 
described by Tigerstedt and Bergman (18), consists in treating the kidney 
Avith alcohol, and subsequently extracting the dry residue with Rintrer 
solution. The second method is a preparation of the total globifiin 
fraction of the kidney proteins. The methods as finally adopted for 
quantitative work are as follows : — 

(1) Alcohol method-. Rresh rabbit’s Icidney is pulped in a mortar and 
weighed into a boiling tube. 2 c.c. absolute alcohol per g. kidney are added, 
the tube is shaken to mix its contents thoroughly and put into the refrigerator 
for 24 hours. The mixture is filtered, small quantities of the residue adhering 
to the tube being detached ivith a stirring rod and washed vdth. some of the 
filtrate into the filter paper. When all the residue has been transferred to 
the paper and no more alcohol is filtering off, the paper is VTapped in muslin 
and squeezed dry. The filtrate is discarded. The residue is transferred to a 
large filter paper on wliich it is spread and allowed to dry in a warm room 
(20 to 24°G.). The dry residue is powdered in a mortar and weighed; 
about 0-6 g. is weighed into a boiling tube to which 10 c.c. Ringer solution 
per g. of powder are added. The mixture is agitated gently once or tvice 
and the tube placed in the refrigerator for 24 hours. It is then removed and 
gently agitated several times during 10 minutes to mix its contents, ivhich 
are then filtered through glass avooI and muslin, the residue caught in the 
latter being squeezed dry. The solution, Avhicli is yelloiv and slightly turbid, 
is ready for testing. 

(2) Total glohidin method. Fresh rabbit’s kidney is frozen solid v-ith 
COs snow, and after ^ to 1 hour thawed out at room temperature. The 
kidney is finely pulped in a mortar and weighed in a boiling tube to Avhich 
4 c.c. Ringer solution per g. of kidney are then added. The tube is shaken for 
half an hour by a mechanical dcAdce and then allowed to stand for 14 hours 
in the refrigerator. The mixture is centrifuged and the supernatant liquid 
poured off into a graduated cylinder to wliich an equal volume of saturated 
ammonium sulphate is added. The mixture after standing overnight in the 
refrigerator is filtered and the precipitate is placed inside a cellophane* 
diatyser. After dialysis for 2 hours against running tap water and overnight 
in the refrigerator against tap water or Ringer’s solution, the content of the 
dialyser is transferred to a graduated cylinder and is ready for testing. 
This preparation is a greyish opaque liquid. 

Such extracts give a pure pressor effect in the unansesthetised rabbit 
(Fig. 2). The rise of blood pressure is peculiar in being of slow development, 
beginning in about 10 to lo seconds, and reaching its height in about 2 
minutes. After rises of about 30 mm. Hg, the blood pressure usually returns 
gradually to normal in about 30 minutes ; vdth rises of 50 mm. Hg the 
response may last 45 to 60 minutes. At the height of the blood pressure 


* The cellophane used thrpnghovit this ■work has been number 300. 
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Fig, 2. A systolic blood pressure record obtained from an unaniesthetised rabbit by the capsule 
method. The arrow marks the intravenous injection of 1 c.c. of rabbit’s kidney extract 
prepared by the alcohol method. 


rise the pulse in the unantesthetised animal is slowed. It is noteworthy 
that even when the blood pressure has been raised by 50 or 60 mm. Hg, 
there is little change in the appearance of the animal* which, if allowed free, 
goes about its ordinary occupations in an apparently normal manner. We 
liave never seen anj’ toxic effects from extracts made by the alcohol method, 
and rarel}’ from the total globulin extracts. 

A record obtained from a dog anresthetised with nembutal is shown 
in Fig, 3. 
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Fie. 3. Rends from right to left. A manomctric blood pressure record from the carotid of n 
dog nna'.=thctisc<l ivith ncmbutnl. The arrow shows the injection of 4 c.c. of a purified 
prep.amtion of renin from rabbit’s kidney. 


• In this resivcf renin contrasts with tjTamine and adrenaline, which produce conspicuous 
blanching of the rabbit’s cars adien doses giving comparable rises of blood pressure are used. 
With renin, a faint paling of the ground-tone of the cars is noticed when doses are used giving 
rises of blood pressure of 60 mm. Hg or less ; with larger doses the blanchingof the ground-tone 
is definite. 
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Extracts prepared by one or both of these methods from the fresh 
kidneys of over 100 normal rabbits have invariably raised the imansesthetised 
rabbit’s blood pressure. Pressor responses have also been obtained in the 
rabbit from similar renal extracts made shortly after death from pig, dog, cat 
and man ; two kidneys from the cow and one from the horse gave inactive 
extracts. If cortex and med\illa are carefully separated by dissection, and 
extracted separatel}^, the cortical extracts are pressor, wliile the medullary 
extracts are inactive (Fig. 4). Extracts prepared by the total globulin method 
from brain, muscle, gut, suprarenal, spleen and blood of normal rabbits are 
inactive ; from normal rabbit’s urine such extracts are usually depressor. 



Fig. 4. A record of sj-stolic arterial pressure from an unansesthetised rabbit by the capsule 
method. At M 1 c.c. of an extract of renal medulla and at C 1 c.c. of an extract of renal 
cortex were injected intravenously. Tlie extracts were prepared simultaneously from a 
pair of dog’s kidneys by the alcohol method. 

It is evident, then, that a substance raising the unantesthetised rabbit’s 
blood pressure is constantly present in the cortex of the kidney of many 
normal mammals. It is not present, at least in comparable quantities, 
in the other tissues examined. This substance, renin, is not a product of 
tissue autolysis or of bacterial action since it may be obtained from fresh 
kidney by the alcohol method which precludes such change. 

Some chemical 'proiierties of reiiin. 

In this work we have used chiefly fresh rabbit’s kidney and extracts 
prepared in the waj’S already described. We have not specially investigated 
renin obtained from other species. 

Siabilily. Provided it is kept cool, and in a suitable medium, renin seems 
to be relatively stable. Thus in the intact kidney kept in the carcase at 
about 10°C., the amount that can be extracted by the alcohol method is 
unchanged after 24 hours ; after 48 hours the kidney stmks and its renin 
content is diminished. The dry residue obtained after alcohol extraction 
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keeps ■without change for several days at room temperature, and for at least 
12 months in sealed tubes in the refrigerator. In Ringer’s solution the 
stability of renin depends largely on pH and bacterial action. Thus Ringer 
extracts of the alcoholic renal residue, made -without aseptic precautions, 
maintain their acti-vdty for a week in the refrigerator ; after 6 months the 
extracts stink and have lost most of their activity. At pH 4-0, the renin 
content is not detectably altered after 2 months in the refrigerator ; but 
at pH 10 all activity disappears in 2 weeks. 

Heat. Renin is thermo-labUe. Boiling for 5 minutes or maintaining 
at G0°C. for 2 hours inactivates previously active solutions (pH 6-9) ■vvith tlie 
formation of a coagulum. 

Solutions of renin can be concentrated -without loss of potency by 
evaporation in vacuo at 25°C. 

Acid and alkali. Ringer extracts of the drj’ alcoholic renal residue 
are faintly acid (pH 6-2 to 6-9), and are yellow and sbghtly turbid. Addition 
of acid or alkali to bring the pH to 5-0 or 9 0 produces a precipitate which 
in the case of acid, contains a little, and in the case of alkab, none, of the 
original activitj'. If neutralised at once, the supernatant fluids, which are 
now clear, retain most of the acthdty of the original solution. As has been 
mentioned, renin is stable for long periods in weaklj- acid (pH 4 to 5) 
but not in alkaline (pH 10) solution. Addition of HCl or NaOH to a 
concentration of ^ destroys all acti-dty -witliin 2 hours. 

Dialysis. Renin does not pass through cellophane, and may be freed 
from cr}’stalloids by dialysis. 

Salting out. Bingel and Strauss (1) obtained their purest preparations 
from autol 3 -sed renal press Juice from which they precipitated inactive 
material by 1/3 saturation -with ammonium sulphate and all the active 
material b}' 7/12 saturation. Using fresh saline extracts we have found 
that the precipitate obtained by 1/3 saturation contains part, and that 
obtained bj* i saturation with ammonium sulphate, all of the actmty of 
the original solution, provided the mixtures are allowed to stand for some 
hours in the refrigerator before filtering ; the precipitates are redissolved 
and freed from ammonium sulphate bj* dialysis before testing. The total 
globulin fraction so obtained, after prolonged dialysis against distilled water 
and adjustment to pH 5-5, throws domi a precipitate of euglobulin which 
maj* be centrifuged off and redissolved in Ringer’s solution at pH 7. Most 
of the renin is found in the supernatant fluid (pseudo-globubn fraction) but 
some remains with the euglobulin. 

Organic solvents. Renin is insoluble in alcohol, acetone, ether and 
chloroform. Alcohol and acetone at room temperature both tend to destroy* 
the activity, but their action in this way is greater -with some preparations 
than with others. On pulped kidney the inactivating action seems to be 
least pronounced. Thus, if kidney- pulp is allowed to stand in the refrigerator 
with 2 volumes of absolute alcohol for 3 weeks, a good deal of renin may still 
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be recovered by extracting the dry residue with Einger ; the amount 
recovered is slightly less than if Iddney and alcohol have only been in contact 
for 24 hours, and distinctly less than when the contact has been for a few 
hours onty. When pulped kidney is treated with alcohol or acetone at room 
temperature and allowed to stand for 24 hours in the refrigerator, then tJie 
amount of activity recoverable from the dry residue is largest when 2 or 4 
volumes of absolute, or 4 volumes of 80% alcohol are used, and slightly less 
when 2 volumes of acetone or 10 of absolute alcohol are employed- 

From Ringer solutions of the dry alcoholic renal residue, precipitation 
by alcohol and subsequent extraction of the dry precipitate vdth Ringer 
give rather variable, and rarely quantitative recovery of renin. Inactive 
precipitates are always obtained A\dth 30% and often with 50% alcohol ; 
by raising the concentration of alcohol to 90%, renin is always precipitated 
from the 30% and usually from the 50% solution, but the recovery is usually 
small. It would appear then that renin is slightly soluble in 30% and possibly 
in 50% alcohol, but the inactivating action of the solvent makes an exact 
statement impossible. Maximum yields are obtained by precipitation vith 
concentrations of alcohol of 80% or more. 

With Ringer extracts of fresh Iddney or its total globulin fraction, it is 
similarly impossible to obtain quantitative recovery of renin by alcohol 
precipitation at room temperature, particularly when the contact has been 
prolonged. Thus by extracting udth Ringer the dry precipitate obtained 
from the addition of 6 volumes of alcohol to such a solution, less than 50% 
of the renin is recovered if the contact with alcohol has been made as short as 
possible, and less than 25% when the alcohol and renin have been in contact 
for 24 hours - 

Lastly, if a cMled solution of renin is slowly added to 10 volumes of 
absolute alcohol at — 10°C., the precipitate separated by centrifugalisation 
or filtration and washed ■with well cooled dry ether in a cold room (3°C.) 
and transferred to a vacuum desiccator, then renin may be recovered 
quantitatively from the dry precipitate by extraction -ndth Ringer. 

Adsoj'bents. Ringer solutions of the alcoholic renal residue maj’^ some- 
times be decolourised vdthout loss of potency by shaking with small quantities 
of charcoal (Norit). Larger amounts of Norit (over 1 g. per 100 c.c.) remove 
renin also ; the adsorbtion of renin by charcoal is rather greater at pH 5 
than at pH 8. Dialysed iron in small amounts removes some protein without 
the renin ; in larger amounts the renin is also removed. 

Discussion of chemical ’properties. The chemical properties of renin 
contrast sharply vdth those of all other known pressor substances with winch 
renin cannot, therefore, be identical. Of known depressor substances 
kallikrein resembles renin chemically, but the two are not identical, for 
kalliltrein (Radutin) lowers the blood pressure of the unanfesthetised rabbit. 
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The behaviour of renin to heat, semipermeable membranes, solvents and 
concentrated salt solutions strongly suggests that it is^ a protein. All our 
active preparations, however purified, have given a precipitate with trichlor- 
acetic acid, and, when their salt concentration was adequate, a coagulum 
on boiling. 


The effect of anaesthesia on the action of renin. 

It is surprising that renin has been found by so few workers, although 
its discovery dates only 4 years after that of adrenaline, and despite the 
obvious interest of a renal pressor substance both to pathology and physiology. 
Tins has not been due to misconception of its chemical properties, many of 
which were described by Tigerstedt and Bergman (IS). It has been due, 
we think, to tlie customary use of anesthetics in testing for vaso-active 
substances ; for the action of renin is reduced or abolished by these. 

It has been remarked that our earliest renal extracts tested on the 
urethanised cat were depressor. For some time we were unable to account 
for our failme to demonstrate renin in this animal preparation.* Later, 
we were surprised to find pure depressor responses in a urethanised rabbit 
from renal extracts which we knew to be pressor in the unaniesthetised animal. 
Subsequent delilserate experiment has shown that methane, ether, and 
nembutal reduce the pressor effects of renin in the rabbit. Illustrative 
exjjeriments are as follows ; 

Protocol 1. Male black rabbit wcigliing 3-0 kg.. Tlie left ear vras anaesthetised ■?rith 2% 
novocainc injected into its base, and received the intravenous injections. Tli© blood pressvtre 
was nicnstircd on the right car by the capsule method. Tlie responses to 0*5 c.c. of a Ringer 
ONtrnct of the dry* alcoholic residue of rabbit’s kidney, and to 4 mg. of t^Tamine acid phosphate 
dissolved in 1 c.c. of Ringer solution, are shown before and after anresthetisation with urethane. 
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• At one time we were inclined to believe that the cat would not respond to renin. We 
have sinco found that bcaxiliful pressor responses may bo obtained in the cat decapitated under 
ether and from which the anas^thclic has been removed by prolonged ventilation. 
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Protocol 2. Male hrovm. rabbit 'sveigbing 2-6 kg.. Tlie left ear was anresthetised with 
noyocame, Md received the intravenous injections, the arterial pressure being measured on the 
right ear. The renm solution was a preparation of the pseudoglobuUn fraction obtained from 
rabbit s kidney. The amount of nembutal injected intravenously (2-3 c.c. in 3 hrs) was sufficient 
to keep the animal lightly ancestlietic, the corneal reflex being just obtained. 
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Protocol 3. Male brown rabbit weighing 2*5 kg.. The general procedure and renin solution 
used were the same as in Protocol 2, except that after the third injection of renin this animal 
was aniesthetised with ether. The corneal reflex was absent during ansesthesia. 
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Protocol 1 shows the progressive disappearance of the pressor and 
development of a depressor response to a renal extract after injecting 
urethane ; in this instance a Ringer extract of the alcoholic residue from 
rabbit’s Iddney was used. At a stage of antesthesia when the pressor response 
to renin had almost disappeared the response to tjoramine was not definitely 
altered. Protocols 2 and 3 show that nembutal and ether also reduce the 
pressor effect of renin. In these two experiments the extract used was the 
pseudoglobulin fraction obtained from a saline extract of kidney and no 
depressor effect was observed. 
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That anjesthetics so different chemically as ether, tirethane and nembutal, 
interfere vrith the pressor action of renin is of theoretical as well as historical 
interest. The reason why they do so is outside the scope of this paper, but 
it is relevant to recall that Tigerstedt and Bergmann (IS) and Bingel and 
Strauss (1) obtained pressor responses from renin in animals with their 
spinal cords destroyed. 

Depressor effects of renal extracts. 

In the urethanised animal, as we have seen, Einger extracts of the 
alcoholic residue give a pronounced fall, which may or may not be followed 
by a rise, of blood pressure. This depressor response is due in part to a 
subst ance wliich is not renin, for it is stable to boiling for 5 min. and is removed 
bj^ quantities of charcoal too small to affect the renin content, as judged by 
the rise of blood pressure produced in the unanresthetised rabbit. The 
remaining depressor effect is due to a substance which behaves like renin 
in being removed by larger amounts of charcoal and in being destroyed by 
boiling, and wliich reacts like renin in respect to half saturation with 
ammonium sulphate and subsequent dialysis. Whether tiffs substance is 
renin, or only something which closely resembles it in certain chemical 
respects, we cannot say. Although, as has been seen, the pseudoglobuhn 
fraction of the kidney proteins produced pure pressor responses in rabbits 
ana?sthetised with ether or nembutal, none of our extracts containing renin, 
however purified, have failed to give depressor responses in the animal 
amesthetised with 2 g. urethane per kg.. KaUikrem may well be present 
in our preparations of renin since they behave rather similarly to adsorbents, 
heat, and dialysis, and are both insoluble in alcohol and concentrated salt 
solutions. 

The assay of renin. 

Comparison of the renin content of tico solutions. Tigerstedt and 
Bergmann (IS), and Bingel and Strauss (1) both stressed the absence of any 
relationship between the amount of a given renal extract injected and the 
resultant rise of blood pressure in ancesthetised animals. Anaesthetics, 
however, as we have shown, seriously interfere with the action of renin. 
In most unantesthetised rabbits of quiet disposition, repeated injections of a 
given dose of renin will produce rises of blood pressure which do not differ 
from one another by more than a few millimetres of mercun*, provided that 
the blood jiressure is allowed to return to its resting level before each injection 
(for example, Protocol 3). In such rabbits also, the rise of blood pressure 
increases with increasing dosage of renin. The relationship between size 
of dose and size of response is not linear but is usuall}* of a form shown by 
lig. o. When the dose is plotted on the logarithmic scale as in Fig. 6, the 
relationship is approximatelj* linear. A similar relationship between response 
and the logarithm of the dose is found with most biologically active 
siibstanccs (4). 
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to estimate about 4 renm preparations on the same day, and experiments are usuaUy -arranced 
with this m view. Just before the solutions are ready to test, 6 or 6 rabbits, prepared as descrifed 
are put in a run in a warm room at about 24‘’C. in order to keep their earn flushed. Tlie first 
rabbit to be used sits on a comfortably warm pad and is firmly eovered with a blanket secured 
at the sides by sandbags. It should remain quiet in this position. The ears being fully flushed 
the blood pressme is recorded by Grant and Rothschild’s capsule at 20 to 30 sec. interi'als from 
the right ear ; when steady readings have been obtained for 3 minutes, an injection of one of the 
unknown renm solutions is made into a vein of the denervated left ear. Tlie insertion of the 
needle should not affect the blood pressure. Records of blood pressure are continued until the 
rise is over, that is to say for about 3 minutes after the injection. Tlie rabbit is then returned 
to the run and a second put on the warm pad, and the response of this rabbit to a second unknmvn 
renin preparation is recorded. The rabbits are used in rotation, so that by the time any rabbit’s 
turn comes for a second injection its blood pressure has returned to normal. The responses 
to unknou-n and to standard preparations are determined alternately in each labbit, until doses 
are found giving identical responses. These responses should lie between 20 and 40 mm. 

The extracts should be diluted so that the volume injected lies between 0-5 and 2-0 c.c. ; withSi 
this range the response is not influenced bj^ the volume of fluid introduced. 

To assay 4 solutions in this way takes usually from 4 to 6 hours. It is advisable to have more 
rabbits than solutions to be assayed, as one or more rabbits are sometimes found to bo unreliable 
on that daj% giving irregular responses which do not increase with increasing dosage. Some 
rabbits prove persistently unreliable and are discarded. Reliable rabbits may be used repeatedly 
for injection until their veins become obliterated.* We have seen no evidence that rabbits 
develop either tolerance or increased sensitivit 3 ' to renin injections {from rabbit’s Wdnej’-) repeated 
over several months. 

Examples of a satisfactorj' and of an unsatisfactoiy assay may be given. 

1. March the 6th, 1937. Rabbit 53 was injected with the standard solution and witli 
extracts made by the alcohol method from the Iddneys of rabbits 147 and 130. The results 
were as follows : — 

Dose injected. Rise of blood pressure (mm. Hg) produced bj- : — 

c.c. 

Sol. 147 Sol. 130 Standard sol. 


(J-I5 — — 

U-25 21 19 

0-4 2S 23 

0-5 31 28 


From these results we may judge that 0-25 c.c. of the standard solution contains as much 
renin as 0-4 c.c. of solution 147 and 0-5 c.c. of solution 139. Solution 147 thus contains 0'62o units 
per c.c., and solution 139 O-S units per c.c.. 

2. October the 6th, 1937. Rabbit 123 was injected with two solutions ; the results were : — 


Rise of blood pressure (mm. Hg). 
Sol. H. 


23 

25 


The absence of any increase in response in spite of a 50% increase in dosage of the standard 
solution makes an assay on this rabbit impossible. This rabbit proved to be consistently unsatis- 
factory and was discarded for purposes of assay. 

* A more frequent end to the usefulness of a rabbit is that its insensitive ear is eaten off 
by its fellows. The rabbits are thus best kept separate. Ears in wliich the great and posterior 
auricular nerves have been cut, bht Arnold’s nerve left intact, become sensitive after several 
months ; the animals are then unB\iitable for purposes of assay. 


Standard sol. 



Dose injected. 

c.c. 

0-25 

0-37 


17 

28, 28 
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Besults. We have now carried out more than a hundred assays of 
rabbit’s kidne 3 ^s for their renin content. Factors that influence the renin 
content of the rabbit’s kidney and the significance of such variations will 
not be considered here. In this paper we are merely concerned with the 
results as far as they illustrate the accuracy and usefulness of the method of 
assaj" which we have described. 

We therefore give in the accompanying table the results obtained b}' 
the two methods of extraction, and subsequent biological assay of the extracts, 
in a series of normal rabbits and in a series of rabbits which were interfered 
with (pathological rabbits). The renin content is expressed in units per g. 
kidne}’^, the unit being that defined on p. 223. 


The amount of renin in rabbit's kidney as assayed by the methods described in the text. 


Description of 
rabbits. 

Renin in units per g. kidney. 

Alcohol method. 

Globulin method. 

Xormnl 

1 3-91 

i 

5-0 


3-4 

3-25 


1 2-7 

1 

2-8 


2-25 

2-5 


215 

1-85 


10 

1-8 


lOG 

2-5 


1 1-64 

2-4 

I’atliologicnl 

0-54 

002 


! 0-35 

1-0 


015 

0-30 


0-07 

0-28 


Comparing the results obtained by the two methods of extraction in 
individual kidnej's, we find that the values obtained bj’ the total globulin 
method arc higher in 9 and lower in 3 instances than the results given bj* the 
alcohol method. In the normal group where the renin content is relativeU' 
high, the globulin result is never more than 50% above or 15% below the 
alcohol value. In the pathological group, where the renin content is low, 
the dificrcncc is greater, and in the last instance the globuhn value is 4 times 
that obtained bv the alcohol method. 
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In considering these results, two points should be borne in mind. In 
the first place the comparison of unknown and standard solutions on the 
rabbit’s blood pressure involves a possible error of at least 25% in the assay 
of each extract. Some lack of uniformity would thus be anticipated. In 
the second place alcohol has already been shown to inactive renin, and higher 
values would thus be expected from the globulin than from the alcohol 
method of extraction. The results suggest that this action of alcohol 
introduces a greater source of error when the renin content is low than when 
it is high. 

ISlevertheless, when a variation in one direction of the renin content is 
shown by one of the methods of extraction, it is usual for the other to show 
a variation in the same direction. Thus, in the table the results are arranged 
in order of diminishing renin content as found by the alcohol method. 
With three exceptions, the results obtained by the globulin method fall in 
the same order. Thus it is probably safe to use one or other method of 
extraction in determining the influence of various factors on the renin content 
of the kidneys, provided this method is used throughout, and provided that 
the differences investigated are considerable. The alcohol method is the 
more convenient, but the total globulin method is probably the more 
accurate, particularly when the renin content is low. 

Further improvement in the method should be possible as our knowledge 
of renin grows. But it is evident, from the few results we have given, that 
variations in renin content do occur, which are well within the present limits 
of estimation of the method, and it is possible that the study of sixch variations 
may assist in determining the role of renin in the organism. 


SUMMAKY. 

1. A prolonged rise of blood pressure may be produced in the 
unaiifesthetised rabbit by intravenous injection of extracts prepared from 
fresh kidney of several species, by methods described in the text. The 
active substance, “ renin,” is present in the cortex but not m the medulla 
of kidne5\ It has not been recovered from other tissues of the normal rabbit. 

2. Renin is non-dialysable, and, in neutral solution, is destroyed at 
60°C.. It is insoluble in alcohol, acetone, ether and chloroform. It is 
inactivated by alcohol and acetone at temperatures above 0°C. but is stable 
to alcohol at — 10°C.. It is destroyed bj"- strong acids and aUcalies. It is 
precipitated by half saturation with ammonium sulphate and is distributed 
between the euglobulin and pseudoglobulin protein fractions, but chiefly in 
the latter. These facts seem to indicate that it is a protein. 

3. The pressor action of renin is reduced or abolished by ansesthetics 

such as Urethane, nembutal, and ether. 

\ 

4. Renin may be assayed biologically. To act as a standard, a stable 
preparation df renin has been made by drying and powdering the residue 
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from rabbit’s kidneys treated with alcohol. Solutions made from standard 
powder and from tissues to be assayed may be compared by using the blood 
pressure response of the unansesthetised rabbit. 
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FURTHER OBSERVATIONS ON FAJHLIAL 
PERIODIC PARALYSIS. 


By E. N. ALLOTT and B. McAEDLE. 

{From the Group Laboratory. Lewisham Hospital (L.C.C.). The Department 
of Medicine, University of Cambridge, and The National Hospital, 
Queen Square). 


Ix a case of Dr. ]\L Walker’s, one of us (E.N.A.) (16), found in 1935 a lowered 
scrum potassium during attacks of familial periodic paralysis. In a 
subsequent publication (1) it was shown that the attacks could be relieved 
by the administration of potassium salts by mouth, and could be brought 
on by a variety of procedures, which had in common tlie effect of lowering 
the scrum potassium. We have had the opportunity of confirming these 
findings in two new cases and have been able to extend the observations in 
certain directions.* 

Case histories. 

Case 1. The patient described and investigated in the previous paper. 
This patient has since died of pneumonia ; Dr. Walker has informed us that 
during his last illness ho was nearly' continuously in an attack of paralysis, 
but no chemical observations were made. Postmortem examination by 
Dr. P. D. Day showed to the naked eye nothing abnormal except the pneu- 
monic changes. Histological examination has shown some so far unidentified 
droplets in the muscles : further histological studies are being made by 
Dr. Da}-. 

Case 2. R.H., a painter, aged 28, was first admitted to Addenbrookes’ 
Hospital under the care of Dr. Cole in November, 1936, and subsequently 
in February, 1937. One paternal uncle and one brother suffered from the 
complaint : his father, who died aged 63 had a few attacks : two brothers 
and two sisters are normal, and the patient has one normal son, aged 5. 
The patient had his first attack at the age of 13, when he became completely 
paralysed within 10 minutes, and remained paralysed for 15 hours. His 

• Our tlmnks nre tluc to Dr. Coif* and Dr. Sv-monds for their kindness in permittinp us to 
iin-T'Mipftc these two new c.-vses ; to Dr. M. J. Mc.Vrdlc for liis active co.operation throushotit : 
to Mis.<! Ycrdon.Bof* whoso fervicos trert* kindiv pro\-ided throuch the Rcscfirch Unit, Xaticnnl 
Hospilnl, for her careful roporvision of the diet in Case 3, and finallv to the Sisters in chnr^ of 
the word* for their assistance. ' 
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next attack was at tlie age of 15 and since then attacks have occurred once 
or twice a month, becoming more frequent till the age of 24 years, since 
when they have been someAvhat less frequent. The day before an attack 
he gets a warning in the form of a pain in both arms. As in Case 1, the 
attacks usually occur at night. He Avakes up at about 3 a.m. or 4 a.m. : 
the attack usually starts as a weakness of his quadriceps and spreads upwards 
and downwards from this point : the arms are usually affected late in the 
attack : the fingers first, then the shoulders, then the rest of the arm. The 
toes usually escape and he is able to move them throughout the attack. 
His abdominal and intercostal muscles, and the intrinsic muscles of the larynx, 
fauces and tongue are generally spared. The paralysis usually takes some 
hours before it reaches its maximum, and then passes off slowly. If he is 
able to get out of bed, he finds that he can often abort an attack by walking 
it off. There is no disturbance of sensation or loss of consciousness and no 
intei'ference with sphincter control. He occasionaIl 3 ’^ vomits during an attack. 
The most important predisposing factor seems to be emotion or excitement 
of any sort, though a heavj'^ meal late at night is frequently folloAved by an 
attack. Between attacks he is found on physical examination to be a 
perfectly normal individual. 

Casa 3. W.I., a labourer, aged 48, was admitted to the National HosiJital, 
Queen Square, under the care of Dr. Symonds. His father, aged 84, suffers 
from the condition, as does one elder brother : his eldest brother is quite 
well : no other member of the familj’^ is known to suffer and the patient 
has one sou, aged 9, who is quite normal. The attacks started at the ago 
of 16 and imtU Januaiy, 1937, came on about once or twice a j’ear, lasting 
about three da 3 ’’s, and not inconveniencing him verj' much. As in both 
previous cases the attacks come on at night, and the patient awakes to 
find himself unable to change his position in bed. The legs seem to be 
affected on the Avhole a little earlier than the arms, and are usually later in 
recovering. Sometimes the iiaralj'sis also affects the trunk muscles, and 
there is difficulty in breathing, and the patient has not the strength to cough 
satisfactorily. Speech and swallowing are sometimes interfered AAuth. 
Dr. ]\I. J. McArdle has observed that muscles jffaced in extension manifest 
paralytic phenomena to a greater degree than those in relaxation, and further 
that placing a paratysed muscle in a relaxed position Avill sometimes permit 
some return of power. Since an attack in January, 1937, he has never made a 
complete recoA’^ery : he has neA’^er been really free from paratytic sjunptoms 
for more than tAvo or three da3's and is generall3'^ in the stage of development 
or disapj)earance of an attack. Since this time he has been an invalid. 
This is the condition of the patient’s brother, who has been in an institution 
for 8 years as he has neAi-er been free from attacks long enough to keep in 
employment. There are no A^ery definite predisposing factors : exposure 
to wet or cold weather sometimes produces an attack ; there is no regular 
warning, but sometimes he has unusual thirst the evening before an attack. 
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Action of insulin and ghtcose. 

In the first case studied it was shown that attacks of paralysis, identical 
clinically with a natural attack, could be produced by the administration 
of glucose by mouth, by insulin or more consistently, by glucose and insulin 
together. Weakness developed when the serum potassium had fallen to 
about 12 mg. per 100 c.c. and a complete attack when the level had fallen 
to about 10 mg. per 100 c.c.. In both the new cases attacks could equally 
readity be produced with glucose + insulin, the changes in serum potassium 
being very similar to that previously observed, a typical experiment in each 
case being shown in Figs 1 and 2. In Case 2 recover}' on the administration 




Fig. 1. A tj'pical attack of paralysis produced in Case 2 by glucose and insulin. 
Fig. 2. An nttaclv produced by glucose and insulin in Cose 3. 

Top curre, scrum potassium, mg. per 100 c.c. 

Bottom curue, serum inorganic phosphate, mg. per 100 c.c. 


of potassium chloride was prolonged, owing to most of the drug being 
vomited, but with the rise of serum potassium to 11-3 mg. per 100 c.c. 
power had nearly returned. In Case 3, the intermediate values did not 
enable one to give accurately the serum potassium level at which power had 
returned, but from other experiments it would appear to be much higher than 
that iti Case 1. 


*4cb'o7! of adrenaline. 

It has been shown by D’Silva (4), (sec also Schwarz (14) ) that the 
administration of adrenaline to anresthetised cats produces a verr rapid 
rise in the scrum potassium, followed by a rapid fall : the rise was as much ns 
12 mg. per 100 c.c. above the initial value, but within 4 mins the normal 
level was regained, and in 10 mins the scrum potassium had fallen much 
below its original level. The effect of adrenaline has been investigated in 
all our three cases of familial paraly.ris and in three normal controls. In 
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each individual, the subcutaneous injection of 0-6 to 1 c.c, of 1 in 1,000 
adrenahne has produced a fall in the serum potassium ; on two occasions 
only^' has there been anj'^ trace of the initial rise described by D’Shva, and 
in general there has been a fall from the beginning, even when blood was 
taken within 1 min. of injection. Keys (12) and Castleden (3) have made 
similar observations in normal subjects. 

In a normal individual, the response to subcutaneous injection of 
0 0 c.c. 1 in 1000 adrenaline has been a fall of some 3 to 4 mg. per 100 c.c. 
in serum potassium level, the effect being maximal in about half an hour, 
and the level then returning to normal in tlie course of the next one to two 
liours (Fig. 3). By repeating the adrenaline administration to a normal 
individual, 1 c.c. everj^ 20 minutes until a total of 6 c.c. had been given, 
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Fig. 4. 


Fig. 3. Efiect of a single dose of 0*6 c.c. adrenaline (1 in 1000) on the serum potassium 
of a normal individual. 

Fig. 4. Effect of repeated injections of adrenaline (1 in 1000) on the serum potassium 
and phosphorus of a normal individual. 

Top curve, serum potassium, mg. per 100 c.c. 

Bottom curve, serum inorganic phosphate, mg. per 100 c.c. 


it was possible to reduce the serum potassium to 10-5 mg. per 100 c.c. but no 
paralytic manifestations of any kind were produced (Fig. 4). 

Two of the patients (Cases 1 and 3) responded normally to adrenaline 
and the serum potassium was not reduced to an extent sufficient to produce 
a definite attack of paralysis, although in Case 3 where sjmiptoms came on 
usually at a higher potassium level than in the other two cases, there were 
mild symptoms. Potassium excretion in the urine during the adrenaline 
experiment on Case 3 is also shown in Fig. 5 : although the fall in serum 

* Both occurred in Case 1. In one instance the adrenaline (1 c.c.) was given when the 
patient was in an attack produced by insulin + glucose, and produced a momentary rise from 
10‘3 mg. per 100 c.c. to 22-0 mg.. In the other instance, the adrenaline (1 c.c.) was gwen while 
the patient was in his normal state, and produced a rise from 22-3 mg. per 100 c.c. to 25-S mg. 
in 14 min.. There seems no reason to doubt the accuracy of these analj-tical figures, but they 
stand out as exceptions to a rauch larger number of obsen-ations where there was a fall from the 
beginning. 
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potassium -svas not great, there -vras a very great dii^ution in potassium 
excretion during the period when the adrenaline was acting. In the remaining 
patient, (Case 2), however, the effect was very different. As in the obser- 
vations with glucose -P insulin, the initial fall was much greater than normal, 
and the serum potassium subsequent!}* showed no tendency to return to 
normal but, on the contrary, continued to fall until the threshold necessary 
to provoke an attack was passed (Fig. 6). This mechanism could he con- 
sistently put into operation by the subcutaneous injection of some 0-6 c.c. 
of adrenaline (1 in 1000). 

It is of interest that the patient in whom attacks were consistently 
brought on hv adrenaline was one in whom the emotional factor played a 




Fig. S. Tiio cfTect of repeated doses of adrenaline (1 in 1000) on the senun potassium 
and phosphoni.s in Case 3. The potassium excretion in the urine is also shown. 

Top cun-e, gcriim potassium, mg. per 100 c.c. 

Second curve, senim inorganic phosphate, mg. per 100 c.c. 

Fig. C. The cflect of subcutaneous injection of adrenaline (1 in 1000) on senim potassium 
in Case 2. 

large part in bringing on the attacks, whereas emotion was not so definitely 
n.ssociatcd with the onset of attacks in the other two cases. 

Guttmann (S) has described a case of familial periodic paralysis in which 
also adrenaline rcgularh* produced attacks, and in which the attacks, whether 
.spontaneous or induced, could be terminated by the injection of pilocarpine. 
Pilocarpine in large doses (1/0 grain) was ineffective in terminating a 
spontaneous attack in Case 3, although producing much sweating and nausea. 
Guttinan stated that in his case there was a very drj' skin during attacks, 
and profuse perspiration at the end. In our cases, the skin was not noticeably 
dry during attacks, and there was not any obvious sweating at the end. 
Shinosaki (l.'i) was able to produce attacks by means of adrenaline in only 
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3 out of 12 cases in wliich the drug was tried ; in no case was he able to 
produce an attack by pilocarpine : pilocarpine was not tried udth a view 
to terminating an attack. 

Adrenaline thus produces an eflfect on potassium metabolism similar 
to that observed in a spontaneous attack, namely, retention of potassium 
in the body, with fall of serum potassium (see Fig. 7). We therefore tried 
the effect of two other Jiormones (parathormone and eucortone) whose 
action is to accelerate the excretion of potassium, and which might be 
expected to lower serum potassium : in neither case was an attack of paralysis 
obtained, but the fall in serum potassium was small with eucortone, and 
absent with parathormone. 

Paraihormone. 

Eighty units of parathormone were injected intravenously in Case 3. 
Apart from malaise some 3 hours after the injection, no symptoms were 
observed. As Table I shows, there was no significant change in the serum 
potassium. 

TABLE I. 


Excretion of potassium and phosphorus after parathormone injection {80 tinits intravetiously at 

2.36 p.m.). 


Ubine, 

Sebum. 




Inorganic 

phosphate 

g- 

Potassium. 

Period. 

Volume 

c.c. 

Potassiiun 

g- 

mg. per 
300 c.c. 

Time. 

11.0—12.0 

00 

CO 

0-10 

0-027 

— 

_ 

12.0—1.0 

18 

007 

0-025 

— 


1.0—2.30 

160 

009 

0-054 

18*4 

2.35 p.m. 

2.30—3,30 

3C2 

0-47 

0-051 

19-0 

3.40 „ 

3.30—4.30 

83 

0-20 

0-047 

17'5 

4.45 „ 

4.30—5.30 

32 

0-10 

0-037 


— 

5.30—10.0 

100 

0-19 

0-103 


— 


During the two homs folloudng the injection, approximately 0-5 g. 
extra potassium was excreted ; the extra water was approximately 350 e.c. 
which, if it is all extracellular water, should contain onty some 0-07 g. 
potassium. The additional potassium must have come from some part of 
the tissues. The extra potassium was approximately the same in quantity 
as that found by Ellswotth and Nicholson (6) in normal subjects after the 
administration of 4 c.c. (SoVnits) of parathyroid extract. We have observed 
no difference in serum potassium level before and after operation in one 
case of parathjwoid tumour wh osteitis fibrosa. 
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Eucortone. 

Little work has been done on the effect of suprarenal cortical extract 
on normal animals. Harrop and Thom (9) have sho'vrn that cortical extract 
acts on normal dogs by slo\ving the excretion of sodium and chlorine and 
hastening that of potassium : no figures are given for its effect on serum 
potassium. 

The intravenous injection of eucortone (concentrated preparation, 
1 c.c. = 75 g. suprarenal cortex) in doses of 10 c.c. at 3 p.m. and 6 c.c. at 
9 p.m. produced no significant change in potassium excretion during the 
ensuing 12 hours, and no symptoms of any kind. The changes in the serum 
arc shown in Table II. 


T.A.BLE n. 


1 

Serum 

potassium. 

i 

i 

Serum 

inorg. phospliate. 

t 

3 p.m, Eucortone 10 c.c. i.v, | 

20-S 


1 3-09 

1 

1 

9 p.m. „ G c.c. i.v. ' 

lS-9 

1 

! 3 -02 

jndniglit 

} 

lC-4 


1 4-00 


(T!io values are given in rng. per 100 c.c.). 


Potassium and phosphorus excretion in relation to attacks. 

For a period of 5 weeks Case 3 was maintained on a diet of kuomi 
potassium and phosphorus content. For the first fortnight the potassium 
intake was approximately 2-6 g. per day, for the remaining period, 
approximately 1-4 g.. Tiie phosphorus intakes during the two periods 
were 109 g. and 0-71 g., respectivelj-, expressed as phosphorus. Urine 
was collected in 12 hourly periods from 10 a.m. to 10 p.m. and 10 p.m. to 
10 a.m.. Potassium, inorganic phosphate and creatinine were determined 
in these specimens. No attempt was made to allow for the amount of 
potassium excreted in the perspiration, which is about 015 g. per day 
according to Freyberg and Grant (7), or in the fajces. 

The creatinine was determined as a check on the accuracy of collection. 
Creatinine output was sensiblj* constant, with a few irregularities not related 
to attacks, but was slightly higher during the period of low potassium intake 
(mean value 1-04 g. per day as against 0-92 g.). Normal creatinine excretion 
in familial periodic paralysis had previously been observed by Edsall and 
Cleans (5) and Kirk and Miller (13). The total excretion of creatinine was 
not appreciably different by night and by day, but that of potassium and 
phosphorus during the night period 10 p.m. to 10 a.m. was always much less, 
and usually about half that of the day output. 

The excretion of potassium and phosphorus during 24 hourly periods 
is shown in Fig. 7. It can be clearly seen that the potassium excretion is 






THE EFFECT OF ADRENALIN' ON THE SERUM POTASSHIil 

LEVEL IN MAN.* 


By L. I. SL CASTLEDEN. 

{Frovi Ihc Deparlmenl of Medicine, British Postgraduate Medical School.) 


During the study of a case of Familial Periodic Paralysis (1) it iras shoAra 
that the attacks of paralysis AA cre coincident AA'itli a fall of serum potassium 
IcA-el to about half the normal value, and that raising this to normal level 
hy the oral administration of potassium chloride restored the poAver to the 
paralysed muscles. Attacks could be induced at aauU hy anj* of three methods, 
namely, hy giAung sugar (h}' mouth) in large amounts, b}’ injecting insulin, or 
by giA’ing both sugar and insulin. Each of these procedures brought about 
a large fall of serum potassium Ica'cI in the patient and a similar, though lesser, 
fall in control subjects ; this fall took place aa hether liA'poglyca’mia occurred 
or not. A fall in scrum potassium folIoAA-ing insulin injections giA*en 
therapeutically to diabetics has been reported by Harrop and Benedict (5) 
and a fall of potassium and inorganic phosphorus in experimental animals 
after insulin injection by Briggs, Koechig, Doisy and Weber (2) and b\' Kerr 
("). 

It AA'ns suggested that the fall in serum potassium might be associated 
Avith the passage of sugar out of the blood into the muscles because that 
seemed the most obA*ious common feature in the actions of ingested sugar 
and injected insulin. 

ScliAvarz (8) and D’SilA'a (4) described a rise in the serum potassium 
of rabbits and cats folloAAdng intraA'cnous doses of adrenalin. 1 mg. of 
adrenalin given intramuscularly to the patient during an attack of paralj'sis 
hoAAover, did not raise the scrum potassium or alloA-iate the symptoms. 
'J'hc effect of a similar dose aaus therefore tried betAAcen attacks and aaus 
found to cause a fall of S mg. in .serum potassium (Fig. 1). An attack of 
paralysis did not occur, presumabh' because the potassium had not fallen 
to the level usually associated AA'itli an attack in this patient. In other cases 
of periodic paralysis, hoAvcA’cr, the production of attacks by adrenalin has 
ijccn reported by Shinosaki (9). 


• Work (lonp tjurinf: (ko fonurp of one of iho Xcdical Research Council's Fenonrships, s!>d 
roiniuu!)ir.ntrd to tlie Medical Ro.scarrli Society on December the lOth, 1P3T. 

1 ^vi<h to thank Dr, R. S. .-Ait ken for liis Ijelpin pkmning tliesc experiments, and in the conduct 
of many of them ; they are puhltslicd with tiro permission of the Medical OfScer of Health of the 
]/.inden County Council. 
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MG.FER 100 cc. 
iERUM rOTASSIUM 



Fig. 1. Scrum potassium and blood sugar in mg. per 100 c.c. of serum and blood respecth'ely, 
estimated on venous blood before and at ten-minute intervals after giving an mtramuscular 
injection of 1 mg. of adrenalin to the patient with Familial Periodic Paralysis, between 
attacks. 

HG. PER 100 te. 



Fig. 2. The continuoii^.,lines show the effect of an intramuscular injection of 1 mg. of adrenalin 
on the serum potassium level in sis subjects ten minutes and later after the injection. The 
dotted lines are cental obseiv'ations on three of the same subjects after an intramuscular 
injection of normal sa&o. 


The response to adrenalin was therefore investigated in normal subjects. 
The first series of observations was made on four healthy men, aged 24, 
28, 36 and 37, a man of n4 nndereoing medical treatment for peptic ulcer 
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and a ’n’oman of 38 admitted to hospital for the investigation of functional 
dyspepsia. Serum potassium was estimated by the method of Jacobs and 
Hoffman (6). The serum potassium values at ten-minute intervals after an 
intramuscular injection of adrenalin are shown in Fig. 2. In all cases a 
fall occurred. 

In his experiments on animals D’Silva (4) recorded a rapid rise of serum 
])otassium to a maximum in about four minutes followed by an equally 
rapid fall to values a little below normal, after which a slow return to the 
resting level occurred. Although it might be expected that the intramuscular 
route, imperative in gi\ing large doses of adrenalin to the human subject, 
would have delayed the time of response bej’ond that obtained bA’ D Silva 
who gave his doses intravenously, it was thought that by taking blood for 
scrum potassium estimation at ten minutes after the injection a rise might 
have been missed between the injection and the first sample of blood. A 

MC 100 tt 

SEfun fOTMSlUM 



Fiji. 3. Tiip rontimioufi linc.s .“iliow tlic effect of nn intmmurcular injection of 1 ing. of ndrenalin 
on liic Fcruin ixJtnssium levels in six subjects nt three minutes nnd later after the injection. 
The dotted lines arc control ob5cr\-nt ions after an intramuscular injection of normal saline. 


second series of experiments was therefore performed on three men. aged 
27. 41 and r>4 and undergoing medical treatment for peptic ulcer, two men, 
aged 25 and 71, who were in hospital for the investigation of headaches, and a 
mentally deficient woman aged 28. The serum potassium values at three 
minute intervals after an intramuscular injection of adrenalin are shotvn in 
Fig. 3. With one exception, in which the blood obtained at three minutes 
after injection was haunolysed and therefore unreliable, all the curves show 
a fali, beginning at three minutes and afterwards continued. 

Jluring all tlic.se oh.scrvations the blood pressure nnd the blood sugar 
A' ere also recorded nt frcfpicnt intervals; but no constant correlation was 
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found between changes in either of these and the fall in serum potassium. 
1)1 some cases the sugar curves were almost the mirror images of tliose for 
potassium, but in others the correspondence was not ver 3 f close. 

The average fall in serum potassium in the twelve observations was 
5-3 mg. from an average resting level of 18-2 mg., and this occurred 10 to 
20 minutes after the injection of adrenalin. This means that about 130 mg. 
of potassium was removed from the circulation during this period. If it 
were excreted bj’’ the kidneys, as seems possible, the rise in the potassium 
content of the urine should be measurable. To test this three excretion 
experiments were carried out on three normal men, aged 28, 36 and 37, 
in which both the serum potassium levels and urinary' excretion of potassium 
were followed after an intramuscular injection of adrenalin and after a 
control intramuscular injection of normal saline. Table I shows that the 
injection of 1 mg. of adrenalin was foUoAved by a fall in the excretion of 
jmtassium as well as bj' a fall in the serum potassium level. Renal excretion 
could therefore be excluded as a cause of the fall in serum potassium level. 
Harrop and Benedict (o) observed a similar fall in urinary- potassium after 
therapeutic insulin injection. 


T.-VBLE I. 


ExpERisreOT I. Experixiekt 2. ^ Experixiext 3. 


Ti.me. 

Serum 
potassium, 
mg. j)er 
100 c.c. 

Urinnrj- 
potassium, 
mg. per 
hour. 

Serum 
potassium, 
nig. per 
100 c.c. 

Urinary 
potassium, 
mg. per 
hour. 

Serum 
! potassium, 
mg. per 

I 100 c.c. 

Urinarj- 
! potassium, 

' mg. per 
hour. 

9.30 

— 

Bladder 

emptied 

; 

Bladder 

emptied 

I 1 

Bladder 

emptied 

10.0 

— 

210(220) 

i 

“ 1 

72(221) ; 

i 

210(145) 

10.30 

i 

198(264) 

- ! 

267(213) 1 

j 

231(302) 

10.45 

20-3 

— 

20-7(20-6) I 

1 

20-1(18-5) 

— 

11.0 

— 

294(256) 

— : 

314(290) ■ 

— 

276(308) 

Injection; given immedi ately bladder 

was emptied [at 11.0 n.m. ! 

1 


11.10 

19-5{23-3) 

— 

15-9(24-1) ; 

— 

18-4(16-8) ! 

— 

11.20 

1 

i 

■ 288(264) 


241(261) ' 

— 

265(276) 

11.30 

1 16-6(22-l) 

— 

: 15-5(23-2) 

— : 

16-4(18-7) i 

— 

11-40 

1 

132(252) 

— 

61(256) 

— 

114(322) 

11.50 

i 17-6(22-l) 

— 

14-1(23-9) 

— ; 

15-8(18-8) 1 

— 

12.0 

1 — 

93(297) 


^ 54(198) 

— 

118(313) 

12.15 

I lS-5{22-3) 

' — 

15-6(22-5) I 

1 — 1 

, 17-4(18-6) — 

12.30 

i 

108(260) 

1 

1 58(291) 

j 

75(256) 
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The results of three excretion experiments on normal subjects n'ho came 
up to the laboratory fasting and ivere kept semi-recumbent during the test. 
At 9.30 a.m. the bladder was emptied and 100 c.c. water drunli. TMs was 
repeated at half hour intervals up to 11.0, when 1 mg. of adrenalin was 
injected intramuscularlj\ 100 c.c, water continued to be taken at half hour 
intervals, but the bladder was emptied at 20, 40, 60, and 90 min., and samples 
of blood taken at 10, 30, oO, and 75 min. after the injection. Values in 
brackets were obtained on the same individuals after a control injection 
of normal saline under similar conditions. 

The main conclusion from these experiments is that a fall of serum 
potassium level after adrenalin seems to be a regular phenomenon in the 
human subject. 

Thus, tliere are three metiiods of lowering the serum potassium level, 
namely, injection of insulin, ingestion of sugar, and injection of adrenalin ; 
tlie first two cause an accelerated passage of sugar from the blood into the 
tis.sues but adrenalin does not, for it has been shown not to increase the 
arteriovenous sugar difference in man (3) and (10). It is therefore 
impossible to regard the fall in potassium level as related in all three cases 
to tlie passage of sugar from blood into tissues. 
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UNILATERAL LOSS OF A BLOOD PRESSURE RAISING, PULSE 
ACCELEEATmG, REFLEX FROM VOLUNTARY MUSCLE DUE 
TO A LESION OF THE SPINAL CORD. 

By M. ALAM and F. H. SMIRK. 

{Clinical Besearch Section of the Department of Pharmacology, Egyptian 

University, Cairo). 


It n-as demonstrated in an earlier paper (1) that the retention -within voluntary 
muscles of the metabolites of muscular exercise causes an increase in the 
general blood pressiure. This increase -was attributed to a blood pressure 
raising reflex arising as a result of the chemical stimulation of nerve endings 
situated in the volimtary muscles, by substances -which are formed or 
liberated in the muscles during exercise. The rise of blood pressure is elicited 
conveniently by arresting the circulation through an exercising limb or 
part of a limb by a sphygmomanometer cuff, thus preventing escape of the 
metabolites -which are liberated during the exercise. During the actual 
performance of the exercise with ischaemic muscles the general blood pressure 
rises progressively. When this local muscular exercise ceases the blood 
pressure falls somewhat but nevertheless remains elevated well above the 
resting level for as long as the metabolites formed during the exercise are 
retained within the exercised limb. On removing the obstruction to the 
flow of blood through the limb, thus allowing the removal of accumulated 
metabolites, the general blood pressure falls rapidly to the normal level. 
To test further our conclusion (1) that this blood pressure increase is of 
reflex origin we decided to study the effects upon the blood pressure of local 
exercise -with arrested circulation in a patient -with complete loss of sensation 
below the knee in one of the legs. The observations made on this patient 
enabled us also to obtain further evidence that accumulation of the metabolites 
of muscular exercise in the voluntaiy muscle of the legs causes a reflex 
acceleration of the pulse (2). 

The subject of oxu experiments is a stolid Egyptian subject aged 
35 years. 
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Case history. 

The patient complained of a deep painless ulcer, present for 15 years on the under surface 
of the heel of the right foot, and of loss of sensation in the right lo-n-er limb of about the stime 
duration. Tlie ulcer u-ns roughly circular, about IJ inches in diameter and had never healed 
completelj' during the 15 years. It was shortly after the appearance of the ulcer that the patient 
first noticed that the right lower limb was becoming insensitive to heat, cold and pain. 

Physical ezainiuation of the nervous system. Skin sensation was tested by the application of 
cotton wool, deep pricks with a sterile needle, ice and test tubes containing water at about 50‘^C.. 
Sensation from deeper structures was tested by movement of joints, heavy squeezing of muscles, 
a large vibrating txming fork and by attempts to induce pain of the intermittent claudication 
typo in muscles (3). 

Tlie feature of the case which concerns this investigation is total loss of all types of sensation 
in the right lower limb up to 4 inches above the knee with no sensory defect of the corresponding 
parts of the left lower lunb. Complete anresthesia of the skin extended also up the sides and 
back of the thigh to the gluteal region but strong cutaneous stimuli were felt on the anterior 
surface of the thigh to 4 inches above the patella. Tlie cutaneous sensibility to heat and cold 
and pin pricks was diminished round the anus and in the lower part of the abdomen and in the 
upper part of the left thigh. Joint sense and vibration sense and appreciation of passive move- 
ments apjwared to be entirely lacking in the right lower limb and normal in the left lower limb. 
All sensations above the umbilicus were appreciated in the normal way. 

Tlie knee jerk was absent on the right side and present on the left side. Tlie ankle jerk was 
absent on both sides. Tlie plantar response was absent on the right side and flexor on the left 
side. Muscle power was only slightly diminished on the right side and there was slight wasting 
of the muscles of the right lower limb. Tlie patient stated, and it was eiddently true, that he 
had no difficulty in walking and there was only a slight limp. Romberg’s sign was negative. 
Physical examination of the nen-ous sj’stem revealed no other abnormalities. The ‘VTassermann 
reaction was normal, the cerebro-spinal fluid was normal and a radiogram revealed no defect in 
the vertebral column or the sacral region. Tlie case is unusual in that complete organic loss of 
sensation in one lower limb is associated with almost normal muscle power in both of the lower 
limbs. Tlie principal lesion appears to be in the lumbo-sacral region of the spinal cord but 
apparently the damage extends up t o about the lOf h dorsal root. The lesion apparently developed 
in the course of two or tliree years and then remained stationary for 12 or 13 years. 

Method. 

The investigations were made with the patient at rest in the sitting 
posture. A large sphygmomanometer cuff was placed rotmd the tliigh 
of the left (normal) lower limb. The general blood pressure was measured 
at frequent intervals m an arm using a mercury manometer. Measurements 
were continued until the blood pressure had fallen to a steady level. The 
sph3^gmomanometer cuff round the left thigh was now inflated rapidly to 
well above the patient’s systolic blood pressure in order to arrest the circula- 
tion through the left leg. A weight of about 12 Kg. was now rested upon 
the left knee and the patient was instructed to exercise the muscles of the 
leg below the knee by raising and lowering the heels while keeping the toes 
resting on the floor. The number of muscle efforts were counted and the 
exercise was continued until a moderate degree of pain of the intermittent 
claudication type was experienced in the muscles of the exercising limb (3). 
The exercise was then terminated but arrest of the circulation of blood 
through the limb was maintained by the sphygmomanometer cuff. Blood 
pressure measurements were made at frequent intervals throughout the 
period of exercise and for several minutes after the cessation of exercise. 
Kinally the sphygmomanometer cuff was deflated and general blood pressure 
measurements were made as the blood flow returned to the leg and were 
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continued until removal of accumulated metabolites by the blood stream 
bad restored the general blood pressure to normal. Tbe experiment was 
then repeated on tbe right leg. Tbe amount of exercise performed by tbe 
insensitive right leg in most experiments was the same as that performed 
in the control experiments by the left leg. In some experiments, however, 
the patient was induced to perform more exercise with the right leg than he 
had performed previously with the left leg. 

In some experiments pulse rates were counted during the period of rest 
before exercise started, during the period of continued arrest of the leg 
circulation after exercise had ceased and after restoring the circulation 
through the leg. 

Results and discussion. 

Our experiments were designed to compare the effect upon the general 
blood pressure and pulse rate of exercise of a normal leg with that of a leg 
without sensation. In all experiments the local muscular exercise of the 
legs was performed during arrest of the blood circnlation to the limb and 
circulatory arrest was maintained for some minutes after the cessation of 
muscular exercise. The results of typical experiments are shown in Fig. 1. 
Two main facts emerged. 

(1). During the actual performance of exercise by tbe sensationless 
leg the general blood pressure and the ptdse rate increased to about the same 
extent as they increased during the performance of the same exercise by the 
normal leg. It is well known that at the onset of general muscular exercise 
there is a rapid rise of the blood pressure and pulse rate which takes place 
at once when the exercise starts. It is usually thought that such sudden 
circulatory changes cannot be explained by the liberation of metabolites 
during the exercise. Two other explanations have been suggested, (a) 
That these sudden circulatory changes are reflex in origin and are caused by 
afferent nerve impulses discharged firom volimtaiy muscle whenever it 
undergoes contraction. (6) That the sudden circulatory changes are the 
result of the mental processes which initiate exercise. It has been suggested, 
for example, that the discharge of nerve impulses from the motor cortex 
may lead to activation not only of the motor neurones but also of the 
meduUaiy and other vital centres. 

In a previous communication (1) we referred to the fact that not only 
general but also local muscular exercise involving but slight muscular exertion 
was accompanied by prompt increase of blood pressure and pulse rate. 
In our present experiments with local muscular exercise the start of exercise 
was marked by a prompt rise of the blood pressure (Fig. 1, Protocol 1) and 
pulse rate (Protocol 1) not only in the experiments where exercise was 
performed by the normal leg but also when muscular exercise was confined 
to the insensitive parts of the right leg. Since the nerve pathway from the 
exercised parts of the right leg is interrupted completely, it follows that this 
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prompt; increase in blood pressure and pulse rate at the onset of exercise 
cannot be attributed to nerve impulses leaving the exercising muscles. 
Furthermore, the increases of blood pressure and pulse rate are not caused 
by exercise metabolites leaving the exercised limb because the arrest of the 



EXERCISE 

I I .. . t I ... t r . > — I . . r T li. I -J 

MIN. 0 I 2 3 4 5 6 7 8 9 10 II U 13 M 

Fig. 1. Experiment showing loss of tho blood pressure raising reflex from muscle in the 
insensitive leg and its presence in the normal leg of a subject with a spinal cord lesion. 

blood circulation through the limb, both during and after the exercise, 
prevents such metabolites from entering the general circulation. Therefore 
the increase in blood pressure and pulse rate must be due to causes vhich 
originate outside the limb concerned. While lacking direct evidence we 
think the explanation most consistent vdth oitr results is that during the 
performance of local muscular exercise the associated cerebral events which 
lead to the discharge of nerve impulses down the motor nerves also cause 
nervous stimulation of the ceU groups Avhieh control the level of the blood 
pressure and the rate of the pulse. The rapid fall of the blood pressure and 
pulse rate to their resting values, at the end of an exercise performed % (he 
insensitive leg, also suggests a central nervous rather than a humoral cause 
for the blood pressure and pulse rate increases. 

(2). When exercise of the normal leg or of either forearm was performed 
during ischaemia the general blood pressure and the pulse rate were raised 
above the normal level and on cessation of the exercise they remained elevated 
for as long as the circulation of blood through the exercised limb remained 
arrested (Fig. 1, Protocol 1). When, however, exercise was performed by 
the leg which was without sensation the blood pressure and pulse rate were 
raised during the actual performance of exercise but fell immediately to 
normal on cessation of the muscular exercise and remained at the normal 
level even though the circulation through the exercised muscles remained 
arrested. (Fig. 1, Protocol 1). Arrest of the blood circulation during and 
following the performance of local muscular exercise had led, in all our 
previous experiments on over 100 normal subjects, to a sustained rise of the 
blood pressure (1) and usually in the case of the legs of pulse rate (2). 
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PROTOCOL I. 

In the following experiments the effect of exercise during ischiemia was compared in the 
two legs under conditions which were made as nearly as possible identical. The exercise which 
was performed separately by each of the legs consisted in raising a 12 Kg. weight up and down 
through a distance of alxiut 2 inches 147 times. Separate experiments were made one on the 
healthy leg and one on theleg which was lacking in sensation. The results of the two experiments 
are set out side by side. 



1 Bxjjertmenl 1- 

i 

Experiment 2. 


1 


1 


min. 

Healthy leg. 

I Insensitive leg. 


B. P. 

Pulse rate. 

B. P. 

Pulse rate. 


87/68 


88/70 



87/70 


91/72 

88 


87/67 

86 

89/69 

88 


Circulation in le 

g arrested 

Circulation inle 

g arrested 


87/71 


89/69 


0 

Exercise starts 


Exercise starts 





105/78 

98 

1.30 

96/73 

90 



2.0 

98/78 




2.30 



108/80 

98 

3.0 

99/81 

92 



3.30 

103/82 

96 

110/84 

96 

4.0 

108/84 




4.30 

109/86 

96 

110/84 

98 

4.30 

Exercise ends 


Exercise ends 


5.30 


98 


88 

6.0 



89/73 

88 

6.30 

108/84 

101 



7.30 

108/84 

102 

89/72 

89 

8.30 

110/93 

102 

88/67 

88 

9.30 

112/95 


89/70 


9.35 

Circulation rest 

ored 

Circulation rest 

ored 

10.0 

93/73 


89/69 


10.30 


96 


90 

11.0 

94/72 


91/70 


11.30 

90/70 

92 


88 

12.0 

90/71 


89/67 


12.30 


88 


88 

13.0 


86 



14.0 

[ 

1 

86 

89/70 



In previous papers it was shown that the rise of blood pressure and 
pulse acceleration which occur when exercise of a leg is performed during 
ischsemia are explicable as reflex effects resulting from the accumulation of 
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exercise metabolites in muscles. The present observations confirm this 
view and observations with the blood pressure raising reflex similar to 
those described in tliis paper have been made in eight other neurological 
cases. 


Conclusions. 

Observations on a patient vith complete loss of sensation in the right 
leg below the knee confirm the reflex origin of the increases in blood pressure 
and pulse rate which occur when the metabolites of exercise accumulate 
in the muscles of a normally innervated leg. 

The presence or absence of these reflexes affords an objective method 
of studying the sensory disorders of muscle. 
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OBSERVATIONS IN SIAN CONCERNING THE EFFECTS OF 
DIFFERENT TYPES OF SENSORY STIMULATION UPON THE 

BLOOD PRESSURE. 


By M. ALAM and F. H. SjVHRK. 

{Clinical Research Section of the Department of Pharmacology, Egyptian 

University, Cairo). 


Exehcise of the forearm muscles performed during arrest of the circulation 
of blood to a forearm leads to a rise in the general blood pressure (1) as well 
as to production of pain in the exercised muscles (3). Both the rise in the 
blood pressure and the pain persist after cessation of the exercise for as long 
as the circulation to the previously exercised muscles remains arrested. 
The magnitude of the persisting blood pressure rise and the severity of the 
persisting pain depend upon the amount of exercise performed during the 
ischsemia (1). Alam and Sim'rk showed that the rise of blood pressure 
produced by exercise of ischaemic muscles is reflex in origin and that a definite 
rise in blood pressure is obtained in many instances before the appearance 
of pain or of discomfort in the exercised muscles. 

We have been performing many experiments in which the blood pressure 
has been raised by this reflex from exercised muscles and also by the 
immersion of an arm in water at (2) and as pain was present to varying 
degrees in most of our experiments we rmdertook the present investigation 
to study the relationship between pain of various types and blood pressure 
increase. 


Method. 

We have examined the changes in the blood pressure and the pain 
produced by strong faradic stimMation of one or more fingers and by 
exercising the forearm muscles during ischaemia. The exercise consisted in 
alternately squeezing and releasing the rubber bulb of a sphygmomanometer. 
The circulation to the exercising forearm was arrested by means of a 
spl*yS™o™^rioi>ieter cuff applied round the upper arm, the cuff being 
inflated to well above the systolic blood pressure of the subject. The 
severity of the pain produced in this way and the degree of increase in the 
general blood pressure were controlled by altering the number of contractions 
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TABLE 1. 


Experiments in which equal blood pressure increases are produced by different types of sensory 

stimulation. 



Tj’po of 
stimulation* 

Jraximum rise in 

B.P. (mm. Hg). 

S 3 -st. Diast. 

1 

Comments of subjects on degree 
of pain present at time wben B.P. 
■was measured. 

Subject 1, 






A 

20 

10 

Worse than B or C pain ; almost 
intolerable. 

Expt. 1 - 

B 

20 

15 

Less than A and -worse than C. 
bearable. 


C 

28 

23 

Definitely less than A or B and 
easily tolerated. 


A 

24 

18 

Jlore flian B or G. 

Expfc. 2 - 

B • 

25 

14 

Less than A and more than C. 

- 

C 

27 

17 

Definitely less than A or B and 
easily tolerated. 

Subject 2. 





r 

A 

13 

15 

Fairly severe. 

Expt. 1 -< 

B 

13 


Worse than A. 

1 

C 

18 

19 

!Much less than A or B. 

- 

A 

17 

14 

Eearly intolerable. 

Expt. 2 - 

B 

13 


Less than A. 

1 

C 

13 

i 

0 

Moderate pain. Less than A and 
B. 

Subject 3. 






A 

24 

15 

Greater than B. 

Expt. 1 1 

B 

24 

7 

Greater than C. 

f 

C 

A 

24 

22 

IS 

18 

Definitely less than A or B. 

Expt. 2 •< 

1 




1 

C ! 

1 

22 

16 

Less than A. 

r 

A 

37 

14 

Great pain. 

Expt. 3 ■< 




1 

C 

39 

16 

1 

Worse than A. 

Subject 4. 



i 


r 

A 

10 

— 

Very severe. 

Expt. 1 -< 





C 

20 

10 

Slightly less than A. 

f 

A 

15 

21 

Very severe. 

Expt. 2 





C 

IG 

20 

Much less than A. 

f 

A 

33 

29 

Almost intolerable. 

Expt. 3 -j 





C 

35 

30 

Much less than A. 
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TABLE I. — continued. 





^Maximum 

rise in 

Comments of subjects on degree 



Type of 

B.P. (mm. Hg). 

of pain present at time when B.P. 



stimulation. 

Syst. 

Diast. 

was measured. 

StTBrECT 5. 


A 

13 

10 

Moderately severe. 

Expt. 1 

- 

B 

16 

22 

Less than A. 



C 

16 

17 

Definitely less than A or B. 

Subject C. 


A 

13 

16 

j Fairly severe. 

Expt. 1 

- 

B 

13 

10 

About equals A. 



C 

14 

8. 

Less than A or B, Only slightly 






painful. 


r 

B 

19 

22 

Very severe. 

Expt. 2 






1 

C 

22 

24 

Much less pain. 

Subject 7. 


A 

24 

— 




C 

23 

30 

Much less. 

Subject 8. 


A 

16 

13 




C 

16 

15 

Less than A. 


’^A = electrical stimulation of a phalanx by the point of a copper wire electrode. 
B = electrical stimulation of three fingers immersed in saline. 

C = exercise of an ischsemic forearm. 


performed. The raised blood pressiires v^eie measured after cessation of 
the exercise but ■with the circulation through the pre'viously exercised arm 
arrested. The general blood pressure -was measured on the unexercised arm. 
Electrical stimulation of the terminal phalanx of a finger "was produced by 
applying the tip of a copper wire electrode to the bulb of a finger. The 
subject’s forearm rested on the second electrode, a pad of cotton wool 
moistened -with saline and supported upon a piece of zinc sheet. These two 
electrodes were connected to the secondary ■winding of an induction coil, 
the primary of the coil being connected to a series of accumulators. The 
strength of the electrical stimulation was adjusted by altering the distance 
between the primary and secondary coils. When stimula'tion of the three 
fingers was desired the same de^vice was used but the ■wire which had been 
applied directly to the finger tip was dipped instead into the beaker of saline 
in which the tluee fingers were immersed. The blood pressure was measured 
bj*^ a mercxuy manometer. 
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and 12 mm. Hg. in the diastolic pressure. There "was no change in the blood 
pressure from the electrical stimulation. 

Our experiments show clearly that the degree of increase in the blood 
pressure depends upon the nature of the peripheral stimulus and is not an 
expression of the pam to which the stimulus gives rise. The rise of blood 
pressure from exercise of one forearm with arrested circulation usually is 
distinctly greater than that produced by exercise of both legs with arrested 
circulation (1) even when the degree of pain in the legs is greater than the 
pain arising from the forearm. Hence blood pressure increases do not 
depend merely upon the number of nerve fibres stimulated. 

Summary. 

1. Some sensory stimuli cause much pain but little rise of blood 
j)ressure, others cause less pain but much greater increases of blood 
pressure. 

2. Reflex increase of the blood pressure may be set up by nerve 
impulses which arise from voluntary muscle but which do not cause pain or 
discomfort. Either the blood pressure raising reflex from muscle is carried 
by nerve fibres other than those which carry the sensation of pain, or 
alternatively pain fibres from muscle may be stimulated in such a way that 
they cause a reflex increase of blood pressure without causmg pain or any 
other definite sensation. 

3. The reflex rise in the blood pressure which occurs when exercise 
metabolites accumulate in the voluntary muscles is not due mainly to the 
pain produced. 


REFERENCES. 

(1) Aiam and Smirk. J. Physiol., 1937, 89, 372. 

(2) Alajm and Smirk. Clinical Science, 193S, 3, 259. 

(3) Lewis, Pickering and Rothschild. Heart, 1929-31, 15, 359. 



BLOOD PRESSURE RAISING REFLEXES IN HEALTH, ESSENTIAL 
HYPERTENSION, AND RENAL HYPERTENSION. 


By M. ALAM and F. H. SMIRK. 

[Clinical Research Section of the Department of Pharmacology, Egyptian 

University, Cairo). 


The observations here recorded are concerned with increases of the blood 
pressure produced reflexly in hospital patients and in normal subjects 
•with the object of studying the nervous control of the blood pressure in 
health and in hypertension. The efiFects of two different blood pressure 
raising reflexes have been investigated. One of the two stimuli used by us 
is cold applied to the skin of a hand and forearm. The effects of immersing 
one hand in water at 4°C. upon the general systemic blood pressure were 
described by Hines and Brown (8, 9) and by Pickering and Kissin (11). 
Hines and Brown found that immersion caused larger increases of blood 
pressure in patients with essential hypertension than in healthy subjects, 
but in a few of the apparently healthy subjects the increases of blood pressure 
were unusually large. In their experience those normal subjects w’hose 
blood pressure increased excessively, usually had near relatives who suffered 
from high blood pressure. Hines and Brorvn concluded that subjects who 
were apparently normal but had highly reactive blood pressures should be 
regarded as potential cases of essential hypertension. The average increase 
of the blood pressure is said to be greater in old than in young subjects (11). 
On comparing the effects of cold on the blood pressure in essential hyper- 
tension cases and in normal subjects of the same age group Pickering and 
Kissin (11) found that the blood pressure increases were not abnormally 
high in their cases of essential hypertension. 

Method. 

Our observations on the reflex effect of cold were performed in much the 
same way as those of Hines and Brown and Pickering and Kissin hut we 
obtained relatively large blood pressure increases probably because not 
only the hand but also the lower 2/3 of the forearm was immersed in the cold 
water, and the circtilation to the limb arrested. Circulatory arrest during 
immersion causes the arm temperature to fall more rapidly than when 
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the circulation is free, and has the further advantage that the degree of 
cooling is independent of the rate of blood flo-w through the arm. Under 
such conditions the actual stimulus is of constant intensity in all experiments, 
but its effectiveness varies in different subjects according to their sensitivity 
to cold. 

The other method which we have used to raise the blood pressure 
reflexly is exercise of an ischsemic limb as described recently by Alam and 
Smirk (1). This blood pressure raising reflex appears to be one of the natural 
defensive mechanisms of the body designed to increase the blood flow through 
fatigued muscles by raising the general blood pressmre ; it is caused by 
nerve impulses leaving the exercised limb as a result of the accumulation of 
exercise metabolites and persists after exercise ceases provided the circidation 
remains arrested. This paper is concerned with the rise of blood pressure 
which persists after exercise ceases. 

The exercise consisted of repeatedly squeezing the bulb of a sphygmoma- 
nometer in the hand or lifting and lowering a weight during local arrest of 
the blood circulation by means of an inflated sphygmomanometer cuff placed 
round the upper arm. 

We instructed our subjects to continue the exercise until pain (10) 
becomes almost intolerable. With intelligent and co-operative subjects, 
we find that the rise of blood pressure obtained in this way is a few mm. less 
than the maximum blood pressure elicited by continuing the exercise imtil 
pain is intolerable. Thus the experiments uuth exercise are designed to 
raise the blood pressure in every case to just below the highest level to which 
it can be raised by the use of the reflex. The blood pressures were measured 
after the cessation of exercise but while the circulation through the exercised 
limb remained arrested. Measurements of blood pressure were made at 
^ to 1 minute intervals and usually for 5 or more minutes after the cessation 
of exercise. The blood pressvue recorded is the highest blood pressure 
measured not less than 40 seconds after the cessation of the exercise. The 
levels of the blood pressures at rest and the effects of the reflexes upon the 
blood pressm-e were measured Avith the subjects in the sitting posture. 

The subjects selected for study were normal subjects and patients with 
essential or renal hypertension. The normal subjects were, Avith one 
exception, of Egyptian nationality and aU the patients were Egyptians. 
Some of the normal subjects were from the labouring classes, others were 
medical students and doctors. The patients with essential hypertension 
were without any defect in the excretory functions of the kidney ; most 
had no trace of albumin in the urine and the few who had a trace of 
albuminuria- gave urea concentrations of not less than 2-5%. In a few of 
the cases of essential hypertension the level of the systolic blood pressure 
after rest and repeated measurements of the blood pressure fell to between 
140 and 150 mm. of mercury. The restiug blood pressures of normal 
Egyptians have been found to be 10-30 mm. lower than the average blood 
pressures which are recorded for Europeans and Americans resident in their 
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OTvn countries. It seems justifiable therefore to regard these pressures as 
abnormall}- high for Egyptian nationals. The diagnosis of such cases as 
essential hypertension seems justified also because tlieir systolic blood 
pressures only fell below 155 mm. on resting for half an hour in the sitting 
posture and after making repeated measurements of the blood pressure. 
The systolic blood pressures measured after a short period of rest were 
over 155 mm. and usually over 165 mm.. The patients with renal hyper- 
tension were all definite cases with marked impairment of the capacity to 
concentrate urea and with strong clinical evidence that the renal lesion was 
not secondarj’^ to the hypertension. None of the cases had congestive heart 
failure. 




Fig. 1. The effect of the reflex from muscle upon the blood pressure at different Bges. Crosses 
are systolic pressure, circles are diastolic pressure increases. 

Fig. 2. The effect of the local application of cold upon the blood pressure at different ages. 
Crosses are sj'stolic pressure, circles are diastolic pressure increases. 

Residls. 

1. The effect of age on the responses of normal s^tbjecls. 

(a) Experiments ivith the reflex from voluntary muscle. The results 
obtained are set out in Fig. 1. The increases of systolic blood pressure range 
from 12 to 16 mm. of mercury and of diastolic pressure from 6 to 36 mm. of 
mercury. Large increases of systolic blood pressure in response to the 
reflex are much commoner in normal subjects over the age of 40 than in 
younger in^viduals. The increases of diastolic pressure however, are about 
the same in the old as in the yotmg subjects. It follows that the reflex 
from voluntary muscle causes the greatest increases of the pnlse pressure 
in the group of older subjects. Occasionally in the group of younger subjects 
diastolie pressure is raised more than the systolic. This observation gains 
interest if one recollects that the elasticity of the larger arteries decreases 
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■with advancing age (5). This decrease mth age in the elasticity of the 
arteries might in fact, explain our observation that blood pressure raising 
reflexes cause greater rises of the systolic blood pressure in old than in "voung 
subjects. 

(6) Experiments with the reflex from cooled skin. The immersion of a 
hand and forearm in -water at 4°C. led, in this series of subjects, to increases in 
the systolic blood pressure of 6-51 mm. of mercury and in the diastolic pressure 
of 3-33 mm. of mercury (Fig. 2). The age of the subjects had the same 
influence upon the reaction of the blood pressure to cold as it had on the 
reaction to the accumxilation of exercise metabolites in muscle. The fact 
that larger increases in S 5 ’stolic blood pressure are encountered in the older 
subjects is in agreement -with the observations of Pickering and TCissin (11). 

As most patients "with hypertension are over 40 years of age it follows 
that the reactions to blood pressure raising reflexes of such patients -yrith 
essential hypertension should not be compared -with the reactions of normal 
human subjects from a difierent age group. 

2. Responses to blood piressiire raising reflexes in essential and in renal 

hypertension cases. 

The effects of the reflex from voluntary muscle upon the systolic blood 
pressures of normal controls, essential hypertension and renal h 3 pertension 
cases are set out in Fig. 3. The effects of the immersion of a hand and the 
lower 2/3 of the forearm in water at 4°C. are to be seen in Fig. 4. The normal 
subjects used as controls were over the age of 40, i.e., of the same age group 
as the patients -with essential hypertension ; the patients ■with renal 
hypertension were also with one exception, above the age of 40. 

It is e-vident that the increases of the blood pressure in response to both 
reflexes are less hi the cases of h 3 pertension due to chronic nephritis than 
in either the normal subjects or in patients -with essential hypertension. 
The average rise in the blood pressure due to the reflexes is greater in the 
patients with essential hypertension than in the normal subjects of the same 
age group. Hines and Brown observed a greater difference than we did 
between the blood pressure increases in essential hypertension cases and 
normal subjects in response to the application of cold ; Pickering and 
Klissin, however, found no difference between the blood pressure increases 
of normal and essential hypertension subjects. The difference between the 
results of Pickering and Bdssin and of Hines and Bro-wn may be explained 
partly by the fact that Pickering and Kissin had as controls subjects who 
were of the same age group as the hypertension cases, whereas Hines and 
Bro-wn apparently regarded the age of the subjects as having little effect 
on the reacti-vity of the blood pressure to cold (9). Our results show that 
there is a very deflnite relationship between age and reactivity of the blood 
pressure and when the results of our experiments on hypertension cases 
are compared -with the results we obtained on younger controls a difference 
of the same order as that observed by Hines and Bro-wn is observed. 
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Our results were obtained under vcr3^ similar conditions to those of 
Pickering and Kissin and we are unable to account satisfactordv^ for tlic 
difference between our results. We desire to emphasise, however, that care 
must be taken that the blood pressures of the essential lij-pcrtension cases 



Fig. 3. Fig. ‘1. 


Fig. 3. The eSect of the reflex from muscle upon the systolic blood prc.ssurc in cs-'cntinl 
hypertension, renal hj-pertension and in healthy subjects. In this and subsequent figures 
E.H. = essential hypertension, R.H. = renal hypertension. Is. = normal subject. 

Fig. 4. The efiect of the local application of cold to a hand and forearm upon the sj-stolio 
blood pressure in essential hj-pertension, renal hypertension and in healthy subjects. 



Fig. C. 


Fig. 5. The efiect of the reflex from muscle upon the diastolic blood pressure in essential 
Jiypertension, renal bjqiertension and in health. 

Fig. 6. Tlie effect of the local appUcation of cold to a band and forearm on the diastolic blood 
pressure m essential hypertension, renal hjTierfension and in healthy subjects. 

have had time to return to their true resting level before the blood pressnre 
raising stimulus is applied, otherwise the full extent of the rise of blood 
pressure m response to a stimulus may not be realised. Rest and habituation 
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to the presence of a medical man and to tlie procedure of blood pressure 
measurement wuU lower the blood pressure both in normal and in essential 
hypertension subjects. The extent to which the blood pressure falls with 
mental and physical rest appears to be greater in the patients with essential 
hypertension than in healthj’- subjects. 

In Tigs. 5 and 6 the reflex increases in the diastolic pressures of normal 
subjects, essential hj^pertension and renal hypertension patients which were 
obtained in the above experiments are recorded. The increases are least 
in the cases of renal li 3 ^pertension. Cold appears to raise the diastolic pressure 
to a greater degree in the patients with essential hypertension than in the 
normal subjects of the same age group. 

Our observations are consistent with the view that the blood pressure is 
much more labile in essential than in renal hypertension. 

Other examples of the lability of the blood pressure in essential 
Itypertension are provided b}'- the work of Barath (3) who observed that the 
rises of blood pressure resulting from emotional stimuli are greater in essential 
h 3 '^pertension cases than in health}’^ subjects. Barath (3), Eppinger and 
ICisch (G) and Eppinger and Schwarz (7), Bauer and Eeuburger (4), and 
Raab (12) found that the performance of controlled muscular work raises 
the blood pressure to a greater degree in essential hypertension than in 
health. Such observations indicate that the blood pressure raising actions 
of ordinary dail}’- actmties, mental, physical and emotional, have usually a 
much greater effect upon the blood pressures of patients with essential 
hj^pertension than upon the blood pressures of normal subjects. 

Discussion. 

It has been suggested by Raab (12) that the high blood pressure of 
essential hypertension is due mainlj'^ to a high degree of reactivity of the 
vasomotor system. Our observations indicate, however, that while a high 
reactivity of the blood pressure to blood pressure raising reflexes is more 
common in cases of essential hypertension than in normal subjects, yet in 
many cases of hypertension the blood pressure is no more reactive than it is 
in some normal subjects. This observation alone shows that high reactmty 
of the blood pressure to blood pressure raising stimuli cannot, by itself, 
explain a high level of the resting blood pressure. This conclusion is 
strengthened b}'' a studj’^ in normal subjects of the relationship between the 
degree of reactivity of the blood pressure to blood pressure raising reflexes 
and the level of the resting blood pressure ; the resting blood pressm-e level 
is no higher m the more reactive than in the less reactive normal subjects. 
The average sj'^stolic blood pressure at rest of 12 normal subjects whose 
blood pressures were raised 40 to 60 mm. by the reflexes was 8S-5, and 14 
normal subjects whose blood pressures were raised bj^ 0 to 20 mm. was 97-0. 
We conclude that a high degree of reactivity to the two blood pressure raismg 
reflexes which we have studied is not associated vdth a higher level of the 
resting blood pressure in normal subjects. The average level of the resting 
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blood pressure in our more reactive patients -vrith essential hypertension 
did not differ appreciablj^ from the level of the resting blood pressure in the 
less reactive patients. The averages of the systolic blood pressures at rest 
in the patients vith essential hypertension were 169 for those giving reflex 
increases of 40 mm. or more, and 171 for those giving reflex increases of less 
than 40 mm. 

It is possible that a high degree of reactivity of the blood pressure to 
blood pressure reflexes may express itself in daily life by abnormally strong 
and frequent blood pressure variations and it is even possible that this may 
lead sometimes to the development of permanent hypertension. We desire, 
however, to stress the fact that the average of the blood pressures at rest 
of subjects with a high degree of reactivity to the blood pressure raising 
reflexes is no greater than the average blood pressure of subjects with a 
low degree of reactivity. 

In so far as a high average level of the blood pressure is likely to increase 
the liability to congestive heart failure and to cerebral hfemorrhage one must 
regard the high reactivity of the blood pressure as of practical importance 
in essential hypertension since it appears to be responsible for exaggerating 
the rises of blood pressure which take place normally with emotional or 
physical activity and must be in part responsible for setting the daily as 
distinct from the resting level of the blood pressure at a high level. 

It was claimed by Hines and Brown that apparently normal subjects 
who have unusually large increases in blood pressure in response to the 
application of cold to the skin should be regarded as potential cases of 
essential hypertension. The incidence of high reactivity in our normal 
subjects so far exceeds the incidence of high blood pressure in Egyptian 
hospital practice that we are confident that essential hypertension does not 
usually develop subsequently in healthy subjects with a high reflex reactivity 
of the blood pressure ; there remains for consideration the possibility that 
the incidence of essential hypertension may be higher than normal in these 
subjects. 

It was noted in the course of our observations that in normal subjects 
the blood pressure increases elicited by the muscle reflex from the arm gave 
rise to either no appreciable change in the pulse rate or to a slight slowing 
of the pulse (2). In the patients with essential hjqpertension the pulse rate 
was usuaUj^ increased when the blood pressure was raised reflexlj’" in the same 
way. It has long been noted that the high blood pressure of essential 
hypertension is not associated with the abnormal slowness of the pulse which 
would be expected from Marey’s law. Attempts to explain this absence of 
slowing of the pulse have been made by postulating adaptation or inactivity 
of the depressor mechanisms of the carotid sinus and aortic arch. Our 
observations show that in many cases of essential hypertension the usual 
relationslnp between pulse rate and blood pressure is reversed. This 
reversal Avould be of considerable interest if it could be shown to result from 
a change in the reactions of the depressor mechanisms. 
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As far as the writer is aware, these observations have not been repeated 
on man, although considerable interest has been shovm in the effects of 
sj’^mpathectomy on angina pectoris. Those described in this paper were 
carried out on patients who were subjected to the operation of sympathectomy 
for some non-cardiac cause. The operations were performed (vdth one 
exception in which Jlr. Philip Hawe was responsible) by LIr. J. Bagot Oldham, 
Avhose patience and vdUing co-operation was largely responsible for their 
success. The cases chosen included patients suffering from Ra 3 maud’s 
disease, excessive sweating and retinitis pigmentosa. In the cases of 
Rajmaud’s disease a cervi co-dorsal ganglionectomy was performed, in which 
the inferior cervical ganglion was extirpated. In other cases the superior 
cervical ganglion onlj'’ v'as resected. The interval between the operation 
on one side and that on the other varied from a week to a few months. 
Stimulation of the sj’^mpathetic ganglion was carried out either bj’’ inter- 
mittent pressure with Spencer Wells forceps or bj’^ a weak faradic current. 
After stimulation, the S 3 nnpathetic ganglion was extirpated. 

Electrocardiographic records* were made before ansesthesia and during 
anajsthesia before oiDeration, in order to exclude the effects on the electro- 
cardiogram of the anaesthetic. This proved to be a necessary precaution as 
not infrequentl 3 ’’ a definite ehange resulted from anaesthesia. 

Further records were taken during stimulation, and 15-30 minutes after, 
and then at longer intervals of hours or da 5 ’^s after the operation was complete. 
As the operations were conducted at different hospitals it was not possible 
to use the same electrocardiograph, though the majorit 3 ’’ of the records 
Avere taken AA’ith a Cambridge portable instrument. Eight cases in aU were 
investigated, but two proved unsatisfactory for various reasons. 

Besiilts. 

Sliimdation of the right sy?)i2}athetic. The most remarkable changes are 
to be observed after stimulation of the right S 3 ’'mpathetic and the results 
are in many wa3’^s comparable AAoth those of Rothberger and Winterberg 
Avorking on dogs. The changes are AveU seen in the accompan3dng cardio- 
grams taken from the case AAdiich shoAved them in the highest degree. Other 
cases, however, showed similar changes in a lesser form. These changes 
consist of diminution in the amplitude of the B wave, and increase in the 
amphtude of the T Avave. Sometimes both Amriations were found in the 
same record, sometimes only one. The changes lasted onl3^ for a few minutes 
after the stimulus ceased. The negatWity of the T wave on stimulation of 
the right sympathetic, described by Otto, Avas not observed in the present 
series. 

Stimulation of the left sympathetic. This produced no such variation 
in the form of the cardiogram ; indeed the results Avere often negative. 


* I wish to thank Mr. E. Caldwell for his careful work in connection with the electro- 
cardiograms. 
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It ■R'as, however, not uncommon to find auricular extrasystoles, or evidence 
of shifting of the pacemaker to the junctional tissues ; but the results were 
inconstant and not infrequently similar effects were caused by anesthesia 
alone. 

Extirpation of the sympathetic on one or both sides caused no alteration 
in the form of the electrocardiogram, which resembled in aU respects the 
preoperative record. 

The alteration in the form of the electrocardiogram by sympathetic 
stimulation suggests that accelerator and vagus tone may be partly respon- 
sible for the form of the normal electrocardiogram, and variations in the 
preponderance of the two nerves may be responsible for some of the types 
of record seen in healthy persons. 

Conclusion. 

In man, resection of the cervical sympathetic ganglia has no effect on 
the form of the electrocardiogram. Stimulation of the right sympathetic 
may change the form conspicuously, decreasing R, or increasing T, or both. 

Stimulation of the left sympathetic produces no constant changes. 
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Fig. 2. Record taken at rest before operation 10/5/33. Shows left ventricular preponderance. 
Fig. 3. Record taken during anresthesia, before surgical interference 11/5/33. Slight change in 
QBS complex of lead III. 

Fig, 4. Record taken during stimulation of right stellate ganglion 11/5/33. Note increased 
amplitude of T waves and diminished R waves. Also tendency to R.V. — and slight increase 
in heart rate. 



Fig. o. Record taken 15 minutes after sympathectomy (right side). Operation complete. 
^\ ound sutiu^d. Xote changes similar to those of Fig. 4, perhaps due to persistent irritation 
of the cut nerve. 

Fig. G. Taken 40 minutes after operation. Patient conscious. Xote return of R wave to 
normal. T waves still greater than normal. 

Fig. 7. Two months after operation 20/7 '33. Xote return to form of electrocardiogram before 
operation. A similar record was obtained eight days after operation. 




FURTHER OBSERVATIONS ON THE VASCULAR RESPONSES 
OP THE HTOL4N LII^IB TO BODY WARJIING ; EVIDENCE FOR 
SYJIPATHETIC VASODILATOR NERVES IN THE NORMAL 

SUBJECT.'^ 


By R. T. GRANT and H. E. ROLLING. 
{Clinical licscaTch Unit, G7ti/'s Hospiial, London). 


Rece>’t observations (4) have revealed differences betn-een the vascular 
responses of the proximal and those of the distal parts of the human limb. 
A chief difference is that ■wliile body warming provokes a large increase of 
blood flow and skin temperature in hand and foot, it causes no more than a 
slight rise of forearm and leg blood flow and neither flushing nor warming of 
the skin of these parts, provided the circulation to the hand or foot is arrested. 
This difference between the parts is attributed to the distribution of arterio- 
venous anastomoses ; their presence in the extremities and their absence 
from forearm and leg. It is not due to body warming releasing vasoconstrictor 
tone in the extremities and failing to do so more proximally, for while local 
nerve block flushes and warms the hand and foot these effects are wanting 
in the forearm and leg. 

The body warming used was such as is employed to test the vasomotor 
reaction of the extremities, namely, covering the trunk with a blanket and 
immersing the legs or arms in hot water until the subject feels hot and sweats. 
It was noted, however, that different results are obtained if the warming is 
pushed to an unusual degree. More rapid and intense heating, though 
provoking a relatively small further increase of bloodflow in the extremities, 
does cause a considerable increase in the forearm and leg together with 
flushing and warming of the skin. It seems clear that some explanation 
other than release of cutaneous vasoconstrictor tone is required to account 
for these changes in the proximal part of the limb. We now record further 
observations on this point ; they provide evidence in the normal subject 
for the existence of sympathetic vasodilator nerves to the skin. 


* Work undertaken on behaU of the Stedical Research Council. 
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Methods. 

Strong bod}^ warming is accomplished by immersing two, or better 
three limbs in water maintained as hot as can be borne, 45 or 46°C., and by 
well covering all other parts of the body, leaving exposed only the face and 
the limb under observation. Immersion of tAvo limbs only may fail to ehcit 
the response. 

Blood flow and sldn temperature are measured as previously described 
(4) ; certain additional precautions are required for skin temperature, 
specially AA^hen the changes at different parts of the limb are compared. 
The limb should be supported not along its length but proximally and 
distallj^ and should be aa’cH clear of anj"^ obstruction so that air may circulate 
freely around it. If the limb lies on a bench or pilloAv, the sldn near the 
support may Avarni less than that on the upper surface presumably because 
some vessels supplying the sldn are compressed by the AA'eight of the limb. 
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Fig. 1. Effect of strong bod 5 ' warming on forearm blood flow rate in tliree subjects, H., G. and 
C., aged 29, 45 and 51 respectively. In subject C. although heating was contiiwed for an 
hour, forearm blood flow was hardly increased beyond that attained by gentler warming. 

On the other hand, if the limb is raised only slightly from the bench the 
under part may Avarm more than the upper where heat is dissipated more 
freely. Since SAveating is free, care must be taken that the adhesive plaster 
coA^ering the thermal junctions does not become Avet AAdth sweat. It is our 
custom to smear both strapping and skin AAuth vaseline. This prevents 
evaporation of sweat, and accentuates the rise of temperature ; it does not 
obscure colour changes in the skin. Moreover, the sweat collects in beads 
beneath the vaseline ; this provides a more certain test for recognising the 
jiresence or absence and degree of sweating than inspection and palpation 
of the unsmeared sldn.* Most of the blood flow observations have been 


* By this method the normal “ insensible perspiration ” can be rendered visible. 
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made on the forearm. Blood florr rates, in the text and figures, arc .latod 
in c.c. of Mood per minute per 100 o.e. limb volume cnotecd within the 

pletliysmograph. 

Jirjiulls. 


Geiieral effects. Heated in this way, the subject soon becomes uncom- 
fortably hot and body temperature rises rapidly, usually between 1 and 
2°C. in a half to three-quarters of an hour. The respiration rate is increased 
sliffhtly and pulse rate rises considei-ably, up to 130 beats per minute. s 
uith gentler warming systolic blood pressure falls 5 to 10 mm. Hg. bclou 
the resting level but towards the end of heating may rise a little, no more 
than 5 mm. Hg.. Prolonged heating of this intensit}’ is not well tolerated ; 
after about half an hour most subjects become restless and irritable ; a few 
have complained of preeordial oppression and one has fainted. All complain 
of lassitude and fatigue and some of headache as after-elfects. 

Effect on limb circulation. In the fingers the blood flow rate may rise 
to between 30 and 40 c.c. and in the hand to between 20 and 25 c.c., the 
usual rates attained with gentler warming being 20 to 30 c.c. and 10 to 20 c.c., 
respectively.* As would be expected, there is but little increase in the 
temperature of these parts beyond that attained by gentler warming, namely, 
a few degrees below rectal temperature. In the forearm and leg vasodilata- 
tion begins usually 10 to 15 minutes later than in the extremities ; the blood 
flowrate increases to between 4 and 13 c.c., the skin becomes slightly flushed, 
sweats freely and its temperatnre rises. The flush is much less intense 
than that of reactive hyperjemia and is hardly so conspicuous as that of the 
flare. The appearance of the flush usually coincides with the outbreak of 
sweat, but we have seen the flush precede sweating and also profuse sweating 
without appreciable flushing.! There is no clear relation, even in the same 
subject on different occasions between the intensity of the flush and the 
degree of sweating. The examples given in Pigs 1, 2 and 3 show that the 
vascular reaction varies considerably in different subjects. In some (Fig. 
1, H and Fig. 2) it comes early, proceeds rapidly and is conspicuous, blood 
flow and skin temperature rising steeply in an S-shaped eurve ; skin tempera- 
ture may reach 34 or 35°C.. In others (Fig. 1, G and Fig. 3) the reaction is 
slighter and more gradual and may be long delayed. On occasion in some 
subjects it fails to develop even after heating for so long as an hour (Fig. 1,0). 
In general, the conspicuous effects are obtained from the younger subjects, 
though this is not always the case. It will be noted also that when heating 
is stopped (because of increasing discomfort to the subject), blood flow and 
slun temperatures have not usually reached steady levels but are still risincr, 
though the rate of rise has declined. We shall not deal further with the 


are of How, these estimates 

are not altogether satisfactory- and are approximate only. 

before me ^^y^aud’s disease, the forearm sweated profusely for 20 minutes 

before the skm flushed and warmed ; the skin was smeared with vaselinl 
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vasodilatation in the extremities but pass to consider the mechanism of the 
response in the forearm and leg. 

It is to be home in mind that the intense heating causes a considerable 
rise of body temperature ; this rise might possibly account directly for the 
small and gradual rise of skin temperature illustrated in Fig. 3. But it is 
clear that the more usual reaction (as in Figs. 2, 5 and 8), in which the rise 
of skin temperature is rapid and considerably exceeds that of the body, 
cannot be explained simply as a direct effect of rising blood temperature. 
Tins is amply confirmed by farther analysis. To avoid confusing effects 
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Fig. 2. Fig. 3. 


Fig. 2. Effect of strong body ■svarming on skin temperatrire measured at middle of ulnar (U) 
and radial (R) sides of the forearm. F = index finger temperature. In this and subsequent 
figures M.T. and R.T. = mouth and room temperatures respectively ; durations of body 
•warming and inflation of cuffs indicated by hea'vj' horizontal lines. 

Fig. 3. Effect of strong body ■warming on skin temperature measured at inner (I) and outer (O) 
aspects of middle of leg ; leg cooled for 20 minutes before cljart begins. T = temperatiue 
of great toe. 

from this factor, however, we have used chiefly subjects displajdng 
conspicuous reactions and have ensured that the limb vessels are weU 
constricted by sufficient rest and exposure to cool air before heating the 
body. 

Iiij'hience of sympathetic ganglionectomy. Observations on patients 
before and after sympathetic ganglionectomy show that immediately after 
operation the circulation in forearm and leg is eonsiderablj'^ increased ; the 
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skin is flushed and hot, blood flow is raised. The hypertemia soon decKnes 
and after about a week the limb circulation returns almost to the pre-operative 
level. Strongly warming the body then fails to provoke the vasodilatation 
observed before operation. We recount these observations briefly. 


One patient has been referred to in previous papers (3 and 4). This man (S.b..) aged 31, 
suffered from tliromboangiitis obliterans affecting the legs and feet nminly and also the Jiands. 
Forearm circulation -was apparently normal. Blocking the^ right internal cutaneous 
above the elbow failed to cause flushing or warming of the slan on the fi^^esthetic ulnar sme of 
tlie right forearm. Strong body warming raised forearm skin temperature to O. ana Diooa 
flow rate to 5-2 c.c.. Under gas and oxygen aniesthesia right cervdcal ganghonectomy was 
performed for the relief of symptoms in the right hand. The pleura W£^ ofwned at 

operation and right pneumothorax resulted. Except for low fever, 37»8_C., y 
davs after operation recovery was uneventful. Immediately after operation the right aim was 
dry and hot while the left was moist and warm ; both were flushed. The right palpebral fissure 



Fig. 4. Temperature of dorsum of right forearm, (V over a vein and F remote from any obvious 
vein) 1 hour, 3 and 8 days after right cervical ganghonectomy. Patient, S.K. 


was narrowed, the eye sunken and the pupil contracted. Charts of skin temperature after 
operation are shown in Fig. 4. Temperature was measured throughout at the same two points 
on the dorsum of the right forean^ one (V) over a large vein draining the hand and the other (F) 
remote from any obrious vein, a little below the head of the radius, a region but little influenced 
in temperature by venous return from the hand. On each occasion the forearm was exposed 
to room air and a sphygmomanometer cuff appUed to the wrist. After 30 minutes the cuff 
was mflated to arrest the circulation to the hand ; it was later released when the temperature 
effect of distal circulatorj' arrest was clearly di^Myed. One hour after operation forearm 
temj^rature was high, and remamed liigh when the venous return from the hand was arrested. 
1 o f ^ remained steady at 33®C. throughout ; the temperature at V, initially only 

1 higher, i^d to that of F when the wrist cuff was inflated. The resting forearm blood flow rate 
measured 19 hours after operation lay between 5-0 and 5*4 c.c.. On the third day the initial 
temperatures were l^cr. That at F fell gradually on exposure to a level 1® lower ; it fell a little 
tinner when the cuff was inflated and rose a little when the cuff was released. The temperature 
at \ reiMmed lugh so long as the circulation to the hand was free, but after arrest of this, fell at 
nrst rapicUy and then more slowly to that of F. Eight daj’s after operation the initial temperatures 
were stiUlower ; the fall of F was greater and more rapid ; V behaved as on the previous occasion. 
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On tho ninth day the blood flow rate was 1-2 c.c.. Thereafter temperature responses and blood 
flow remained unchanged until the patient left hospital well 20 days after operation. On tho 
10th and llth days after operation strong body warming caused sweating, flushing and warming 
of the skm of the left but not of tho right forearm ; it Jiardly altered riglit forearm blood flow 
raising the rate only from 1-2 c.c. to 1-9 c.c.. The right forearm was now only doubtfully pinker 
than the left when that was cool, and paler than tho left when that was flushed by body warming. 
The right hand, hot at first after operation, cooled a little during the next few daj's but was still 
warm and flushed when tho patient left liospital. 

In a second patient, M._A., a girl aged '23, right lumbar ganglionectomy was performed to 
relieve coldness and chilblains of tho right log and foot, pnrnlj*sed by an affack of anterior 
poliomyelitis at the age of five. Observations were confined to skin temperature and the results 
agree with those of the preceding case. Temperatures were recorded from both great toes and 
from the upper part of both shins, an area little influenced by venous return from the foot. Before 
operation, the right leg was usually colder than the left. Fig. 5 shows that strong body wanning 
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Fig. 5. Effect of strong body warming on skin temperature of riglit (R.L.) and left (L.L.) legs 
(middle of inner aspect), and of right (R.F.) and left (L.F.) great toes. Patient, M.A., 
before operation. 


readilj’^ provoked flushing and warming of both legs. Rote that in this instance the feet remained 
cold (but sweated) and it was unnecessary to inflate tlie cuffs applied to the ankles ; on other 
occasions the feet responded normally to body warming. After operation, the patient suffered 
from retention of urine for 48 hours followed by slight cj’stitis. She also developed a mild 
pneumonia of the left lung base. Her mouth temperature remained at 37-8 to 3S-3°C. (100 to 
101°F.) for about a week ; thereafter recovery was uneventful. Fig. 6 shows the temperatures 
of both legs and feet one day after operation and after they had been exposed to room air at 
17-4°C. for 25 mins.. When first exposed both legs were equally flushed and hot to the touch, 
Tlie left leg and foot cooled and paled normally on exposure ; tho right leg and foot remained 
flushed and hot. Tho temperature of the right leg was uninfluenced by arresting the circulation 
to the foot ; it was lowered slightly and temporarily by tlie return of cold venous blood from the 
foot when tho cuff was released. As in the previous case, the warmth of tho right leg declined 
in. the succeeding days ; the foot also became colder. Fig. 7 shows tho temperature of both legs 
and feet exposed to room air 18 days after operation. Both logs were now about the same 
temperature, tho right being slightly the warmer ; the right foot was about 4°C. warmer than the 
left ; legs and feet cooled on exposing. The same figure shows that while strong body warming 
provoked normal warming (also flushing and sweating) of the left leg, it had no effect on the right 
leg which continued to fall in temperature and remained pale and dry. Sweating was present 
on tho front of the right thigh and knee ; the back of the thigh and knee remained dry. 

Two other female patients were observed, one (B.J., aged 23) nine months after bilateral 
cervical ganglionectomy for Rajmaud’s disease, the other (M.il., aged 21) three years after bilateral 
lumbar ganglionectomy for acrociTinosis. In both, forearm and leg skin which failed to sweat 
when tho body was heated, showed neither flushing nor warming. 
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Tb6S6 observations sbov that the vasodilatation provoked in tiie arm 
and leg by heating the body is dependent upon the integrity of the synipatlietic 
nerved as is already knovTi for the hand and foot. The immediate effects 
of ganglionectomy also show that, just as in the hand and foot, vasodilatation 
in the°forearm and leg can be brought about by interrupting these ncnms. 

Influence of local nerve blocJc. It has already been noted that local 
block of cutaneous nerves to the forearm and leg fails to cause either distinct 
flushing or warming of the skin, although the skin becomes anresthetic and 




Fig. 6. Temperature of both legs (R.L. and L.L.) and great toes exposed to room air, one day 
after right lumbar ganglionectomy. Same patient as in Fig. 5. 

Fig. 7. Effect of strong body warming on skin temperature of right (R.L.) and left (L.L.) legs 
(middle of inner aspect) and right (R.F.) and left (L.F.) great toes, 18 days after riglit lumbar 
ganglionectomy. Same patient as in Figs. 5 and 6. 


smooth. That is to say, the removal of local constrictor tone does not 
materially increase circulation to the skin. But in view of the observations 
on newly sympathectomised limbs we thought that a cutaneous hyperjemia 
might be caused by removing vasoconstrictor tone not from skin but from 
the underlying muscle. It is known that mcreased blood flow through 
voluntary muscle readily raises the temperature of the overlying skin {3 and 
4). froollard and Phillips (7), however, find that local block of motor 
nerves, such as the dorsal interosseus and the motor nerves of the median 
ot tfle forearm, gives no surface evidence of vasoconstrictor fibres being 
para yse y the injection. We have made similar observations and our 

Sr - subjects the external popliteal nerve was 

c 'e a . e head of the fibula after cooling the leg by exposure to room 
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air ; in one 2% iirocaine and i in 50,000 adrenaKne was used to paralyse 
the nerve ; in the other adrenaline was replaced hy arrest of the circulation 
to the leg for a period of ten minutes. Although the anterior tibia! muscles 
were completely paralysed in both instances the overlying skin neither 
flushed nor warmed. In one subject also the external popliteal nerve was 
blocked above the origin of the lateral cutaneous branch vath procaine and 
adrenaline, thus producing an area of cutaneous anesthesia over paralysed 
muscle in the front of the leg. The anesthetic skin remained pale and cool. 
Thus, it seems clear that blocldng the nerves to muscle, or skin, or both, 
in the forearm or leg causes no vasodilatation sufficient either to flush or 
warm the skin. 

We are unable to account for this difference between the effects of 
blocking a mixed nerve to a part of the limb and those of section of the 
sympathetic nerves supplying almost the whole limb. It is possibly due to 
persisting tone in vessels proximal to those supplied by the blocked nerve. 
But other observations, unth which we shall not deal now, suggest that 
nerve section has a dilator effect other than those due to the mechanical 
stimulation of cutting the fibres and simple removal of constrictor impulses. 
Trotter and Davis (6) suggest the liberation of irritative substances from 
degenerating nerves to account for the hypera 2 sthesia following nerve section. 
Dale and Richards (1) in dealing with the enhanced responses of vessels 
following section of their nerves speak of stimuli aroused by tlie processes of 
degeneration — (this view is briefly discussed in a previous paper (2)). We 
may note also that although both patients in whom the early effects of 
ganglionectomy were observed were febrile for a few days after operation, 
the limb vasodilatation can liardly be attributed to this. Present knowledge 
points to the existence of peripheral vasoconstriction during a febrile rise 
of temperature. The question remains for further investigation. 

Other observations on local nerve block provide strong evidence that the 
flushing and warming of the skin provoked by body heating is brought about 
not by inliibition of constrictor tone but by stimulation of cutaneous nerves. 
Thus when the body is strongly warmed, normal skin over paral 3 >-sed muscle 
flushes and warms as much as that over normal muscle ; on the other hand 
if the skin over normal muscle is rendered ansesthetic by nerve block or section 
and fails to sweat, then it remains pale and cool. If the nerve block is of 
short duration, as when arrest of the circulation is used instead of adrenaline, 
then as the anaesthesia passes off while body warming is maintamed, the 
gkir> flushes and warms. Sloreover, if the skin is first flushed and warmed 
and kept so by heating the body, and a cutaneous nerve is then blocked 
(the cirerdation to the hand being arrested), the area that becomes anesthetic 
and ceases to sweat, pales and cools. In making these observations several 
points require attention which, if neglected, may lead to anomalous results. 
The area of anfesthesia should be large ; the temperature of a small amesthetic 
patch maj’’ be influenced by that of the surrounding skin and specially bj' the 
venous drainage from skin situated distall}’^. Secondly it is not alwaj'S safe 



SYMPATHETIC VASODILATOBS. 


281 


to rely on anjesthesia alone as a sign that all sympathetic fibres to the area are 
blocked. For in some subjects although skin is rendered insensitive to 
stroking ivith a camel hair brush vre have noted sweating and flushing appear 
in response to bodj- warming, not only just inside the margin of but also in 
patches well vithin the aneesthetic area. The sweating is less than on 
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Fig. 8. Effect of strong body warming on skin tempsratvire of the legs of a boy aged 17. His 
right external popliteal nerve had been tom through in a bicycle accident a year previouslv. 
If had been found impossible to suture tlie nen-e at operation and the muscles of the front 
of the leg remained completely paralysed. There was also a large area of anaesthesia extending 
down the lateral aspect of the leg and on to the dorsum of the foot. The skin over the upper 
and anterior part of the leg was normally sensitive. 

Tiie legs were exposed at rest to room air at lo'C. and smeared with vaseline, sphygmo- 
manometer cuffs being applied to the ankles but not inflated. Temperatures were recorded 
fmm points on normally sensitive (upper part of leg, R.U. in chart) and aniesthetic skin 
(lower part of leg, R.L.) overhing paralysed muscle in tiie right leg, from corresponding 
points on the left leg (L.H, and L.L.) and from both great toes. For simplicity, the toe 
temperotures are omitted from tlie chart. Tiie legs being suflSciently cool, the hodv was 
strongly warmed, and when the toe temperatures began to rise both ankle cuffs were inflated 
to a pressure of 200 mm. Hg.. ^formal skin over paralysed muscle (R.ti.) warmed flushed 
and sweated quite as much as normal skin over healtliy muscle (L.V.). Tlie insensith-e skin 
on the right leg remained pale, slightly cj-anosed, dry and cold ; the skin on the corresponding 
pfirt of tli 0 left leg flushed, sweated and warmed. 


sensitive skm and would probably be unnoticed unless the surface were 
smeared with vaseline. The temperature of these patches may rise, thoush 
more slowly than that of normal skin. Again, in these subjects if the skin is 
first made to sweat and flush by body warming and the nerve is then blocked, 
sweatmg and flushmg are not entirely abolished though they are reduced 
m these patches, the temperature of which does not fall. 

or • of flusliing, sweatmg and warming to develop in an anesthetic 

area is iflustrated m Figs. 8 and 9. Fig. 8 shows the effect of body warming 
n the leg skm temperature m a boy whose right external popliteal nerve 
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had been accidentally severed above the origin of the lateral cutaneous 
branch a year pre^dously . The muscles in the front of the log were completely 
paralysed but the overtying skin was ansesthetic only over the lower part of 
the leg. The temperature of sensitive skin over the paratysed muscle in 
the right leg (R.U.) rose, even more steeply than that over normal muscle 
in the left leg. Tlio insensitive skin in the right leg (R.L.) failed to warm, 
flush or sweat. Similar results were obtamed in two normal subjects in 
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Fig. 9. Efiect of strong body wnniiiiig on skin tctnpomturo of ulnar and radial sides of right 
arm in a normal subject aged 23. The right arm was exposed to room air at 12-S'’C., 
temperatures being recorded from radial and idnar sides and from the index finger. A 
sphygmomanometer cuff was applied to the wrist. The trunk of the internal cutaneous 
nerve was blocked by procaine ami adrenaline above the right elbow ; 15 minutes later the 
skin over the ulnar side of the forearm was anaesthetic to sfrol;ing with a camel hair brush ; 
the junction rocoixling the ulnar temperature was situatcil well within the anesthetic area. 
The forearm was smeared with vaseline and the body strongly warmed. When finger 
temperature (omitted from chart) began to rise, the wrist cuff was inflated. The radial 
skin flushed, wanned and sweated ; the ulnar skin romained pale, dr\- and cool. Same 
subject as in Fig. 2. 


whom this nerve was blocked by procaine and adrenaline. Fig. 9 shows the 
effect of blocking the internal cutaneous nerve of the forearm iii the same 
subject whose normal reaction is illustrated in Fig. 2 ; the temperature of 
the radial side of the arm rises steeply when the body is warmed : that of the 
antesthetic ulnar side continues to fall. Fig. 10 illustrates the subsidence of 
the vasodilatation on the ulnar side of the forearm as a resrdt of blocldng 
the internal cutaneous nerve. 

The increased blood flow to the skin demonstrated by these observations 
must lead to warming and vasodilatation in the deeper tissues. It was 
previously shown (3 and 4) that, in the resting limb exposed to cool air, 
muscle as well as skin temperature gradually falls, muscle tempeiatuio 
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being several degrees higher. When the body is warmed the forearm being 
smeared with vaseline then skin temperature rises before and may for a 
time be higher than that of the underlying muscle. (For example, see 
Fig. 11). 


MIN. 10 10 30 “W 50 60 



Fig. 10. E2ect of blocking internal cutaneous nerve on forearm skin temperature while body 
is strongly warmed. Temperatures recorded from radial (R) and ulnar (R) sides of left 
forearm, and from index finger (omitted from chart). The body was strongly heated through- 
out, a sphygmomanometer cug applied to the wrist and the forearm smeared with vaselhie. 
After the forearm skin was flushed sweating and warming, procaine and adrenaline was 
injected around the internal cutaneous nerve above the elbow (at A). Anjesthesia developed 
rapidly and after 10 minutes involved the whole ulnar side of the forearm. The vaseline 
and underlying sweat was gentl 5 ' wiped ofi ; then vaseline was replaced and the wrist cuS 
was inflated to prevent warming of the forearm by venous return from the hand (at B). 
The anesthetic skin ceased to sweat, paled and cooled. control observation carried out in 
the same way with injection of procaine and adrenaline but without producing anesthesia 
showed that ulnar skin continued to rise in temperature. 


MIN. 50 60 70 80 90 100 



Fig. 11. Effect of body wanning on temperature of skin and underlying muscle. Temperatures 
recorded from skin on dorsum of forearm and from underlying muscle (a copper Constantin 
thermal junction was inserted for a length of 4-5 cm, into the arm, the tip lying about 2 cm. 
beneath the surface). Temperatures also recorded from index finger (omitted from chart). 
llTien the body was warmed skin temperature rose steeply before and to a higher level than 
that of the muscle. At 85 minutes heating was stopped' and the blankets removed. Skin 
temperature fell steeply ; that of the muscle continued to rise for some time. 




284 


GRANT AND HOLDING. 


Gomvient. 

These observations supplement the earlier ones by Lewis and Pickering 
(5) on patients suffering from Raynaud’s disease. In such patients exposed 
to a suitable temperature ulnar ansesthesia A^dth its inhibition of vaso- 
constrictor tone fails to release a vascular spasm in the hand, but under the 
same conditions Avarming the body relaxes the A^essels. The last effect occurs 
through sjunpathetic paths, but is not due to simple uihibition of vaso- 
constrictor tone, bemg preAmnted by antesthetisation of the ulnar nerve, 
and must be attributed to actiAm vasodilatation. Loaaus and Pickering (5) 
conclude that the Amssels in the human arm are supplied A\dth vasodilator 
sympathetic fibres. They failed, howeAmr, to obtain CAridence of these in the 
normal hand ; as they point out, the loss of vasoconstrictor tone so raises 
the temperature of this part that the accession of vasodilator impulses has 
little chance of disjfia 3 dng itself in a further rise of temperature. We have 
seen that in the normal forearm and leg, the loss of constrictor tone produces 
so little increase in the circulation that the effects of Amsodilator stimulation 
are readity displaj^ed. It is to be remembered that the cutaneous vaso- 
dilatation is associated Avith SAA’eating. Tl\e aA'ailable eAudence is insufficient 
to decide definitelj^ Avhether the dilatation is caused through nerves supplied 
to the vessels themselves, though this seems likely, or Avhether it is the result 
of activit}’^ of the SAveat glands Avhich are also stimulated through sympathetic 
paths. 

A Avord remains to be said about these observations and those preAdously 
recorded (4) from a more general point of A'ieAV. We interpret them as 
indicating tAvo means of defence against a rise of body temperature. The 
first is brought into action bj"^ relathml}’' gentle heating and consists chiefly 
of a dilatation of the arterioA’’enous anastomoses hi the extremities, caused 
bj^ the inhibition of A’^asoconstrictor tone. The blood is cooled as it returns 
through the capacious superficial A’^enous plexus of the limbs. The second is 
added AA'hen the heating is more intense and consists mahLl 3 ’' of a general 
dilatation of the cutaneous A’^essels associated AAoth sweating, both of Avliich 
are caused b3'^ the stimulation of the S3nnpathetic nerA’^es, and serve to 
increase the dissipation of heat from the skin. 


SUMiMABY. 


1. Purther obsei’Amtions on body Avarming in man shoAv that AA'hen this 
is pushed to an unusual degree a considerable Amsodilatation develops in the 
proximal parts of the limbs. 

2. The vasodilatation is brought about by stimulation of cutaneous 
sympathetic nerves. 
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3. These and previous observations are interpreted as indicating two 
means of defence against a rise of body temperature. 
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THE PATHOLOGICAL CHANGES IN THE ARTERIES SUPPLYING 
THE EINGERS IN WARM-HANDED PEOPLE AND IN CASES OF 
SO-CALLED RAYNAUD’S DISEASE.* 

By THOilAS LEWIS. 

[Department of Clinical Research, University College Hospital Medical 

School, London). 


Material. 

Beforb attempting to interpret the changes seen in sections of the vessels 
of the hand in cases of irhat is commonly called “ Raynaud’s disease,” 
it seemed desirable thoroughly to examine the corresponding vessels from 
a series of subjects vho during life presented no Raynaud phenomenon. 
To obtain this material I enlisted the help of Dr. B. B. Gelfand of Nerr York, 
then working in my laboratory, and I here gratefully express my indebtedness 
to him for his careful and patient assistance. The plan adopted was to 
examine a large number of people in the wards of the hospital who, while 
sufficiently well to give a willing and clear account of their past, were known 
to be suffering from incurable diseases. The history and diagnosis of the 
serious malady being already available, special enquiries were directed to the 
past and present state of the hands. The patient was regularly asked whether 
he had been a warm or a cold-handed person, if friends had remarked on 
the feel of the hands, if clidblains had been experienced, if the hands had 
ever become unusually discoloured in cold weather or after bathing in cold 
water, and other relevant questions. The replies were checked by repeated 
observations on the hands exposed to the air of the ward in cool or cold 
weather. The hands were closely examined not only to gain a general idea 
of their temperature and colour, but they were searched for nutritional 
changes in the skin and the pulses were felt. In nearl 3 ’’ all cases one hand, 
or both, was soaked for 3 minutes, or more if necessary, in water at 46 ° to 
induce full dilatation of the vessels ; the fingers were then examined for 
palpable pulsation, and the pads of the fingers for capillary pulsation ; the 
2nd and 4th finger of the hand were always looked at first and with particular 


♦ Work undertaken with the aid of the Medical Research Council. 
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Portions of the radial and ulnar arteries, the whole palmar arch, and 
the Avhole length of the two digital arteries from both the 2nd and 4th right 
finger were removed for examination. 

The medial coats of none of these vessels presented more than shght 
sclerosis. In the palmar arch and in the digital arteries of both fingers 
there was shght intimal thickening of a patchy kind. The thickening was an 
mtimal hyperplasia, the tissue being pervaded by fine wavy elastic fibres, 
interlacing but in general parallel to the elastic lamella (Fig. 10). In one 
part of the palmar arch onlj^ was the intimal thickening a httle greater. 
The arteries of the 2nd finger were both cut serially in their. whole length, 
that is to say from them origin m the palmar arch onwards. The arteries 
were unusually large and unobstructed throughout ; the intimal coat 
presented less change than is common^ found in warm-handed people of 
the same age. 

The small arterioles of the fingers were normal. 

Case 2. Eaynaud’s disease {mild form). B.B., a telegraphist of 58 
years' was admitted to hospital sufiering from advanced carcinoma of the 
breast with metastascs in Februarj’^, 1935. She died m April shortly after 
leaving hospital. 

Wilde in hospital she said that lier hands had been cold, winter and 
summer, as long as she could remember. Chilblains had not been experienced. 
For about 28 years she had noticed while bathing in the sea that aU the 
fingers of both hands would become white and numb, starting at the tips 
and gradually extending to the bases. The circulation could be restored 
by \dgorous rubbing. She stated that she remembered no attacks induced 
bj’^ exposure to cold air. 

On examination the skm of the fingers seemed quite normal in colour and 
texture. After heating the riglit hand in water at 46° for 3 min., capillar}’’ 
pulsation was displayed in all the finger tips and in the palm, and pulsation 
could he felt at the bases of all the fingers. Blood pressure was normal. 

Post-mortem. After death dissection was limited to the right hand. 
The radial and ulnar arteries, the palmar arch, and the whole length of both 
arteries from the 2nd and 4th right fingers were removed for examination. 
On section none of these vessels showed more than slight sclerosis of the 
medial coat ; none presented more than shght intimal thickening and this 
usually only from place to place. The two digital arteries from the 4th 
finger were out seriall}’^ in their whole lengths. Fig. 3 represents the least 
and Fig. 4 the greatest cliange found in these arteries. In no artery were the 
changes as great as those often found in warm-handed people of the same age. 

The small arterioles in these fingers showed shght intimal thickerdng. 

Case 3. Raynaud's disease {moderate severity). W.A.S. was reported 
in a previous pa])er as Case 8. A thin unemotional man of 44 years attended 
the out-patient department in 1926 and onwards for mitral stenosis and 
auricular fibrillation. He was under observation for four years. He had 
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suffered from chilblains of the feet and also from attacks of white or blue 
fingers in cold weather for many years. One or more fingers, occasionally 
foxu- fingers on one hand, would become blanched, cold and numb ; the pallor 
would last minutes or hours, be replaced by blueness and the hands would 
finally become red. Sometimes the fingers would become blue from the 
start. The finger tips were always first affected, the blanching or blueness 
spreading up to their roots. The thumbs were not affected. They recovered 
in response to local warmth. The attacks were frequent m cold weather, 
rare in summer, but occurred occasionally even on warm days. Excitement 
according to the man seemed sometimes to cause attacks. Pain was not 
experienced, no complaint of the feet or face was made, and there was neither 
history nor sign of loss of substance in the fingers. Visual disturbances, and 
blood in the urine, had not occurred. 

The hands between the attacks were high coloured, often mottled with 
red and various cyanotic colours (from XI to XIV). They were usually cold, 
but occasionally quite warm. Single fingers were seen in a blanched state 
or of a pale cyanotic colour on a number of occasions. Attacks were induced 
bj-^ immersion of a hand in water at 15°. Fingers 4 and 5 of the right hand 
were those most usually affected. The colour-temperature curves of these 
fingers were those of the fingers of people without symptoms. 

The condition of his fingers remained unaltered during the 4 3’ear3. 
In March, 1930, he acquired bronchitis. He developed venous congestion 
and infarction of the limgs in Jime, 1930, and died within three da 3 's. 

Post-mortem. Severe stenosis of the mitral valve, extensive ante- 
mortem tluombosis of the left auricle, infarction of the lungs, congestion of 
veins and liver, and an ulcer of the duodenum were found after death. 

A dissection was made of his right hand and the whole palmar arch 
and all the digital arteries of fingers 2, 3, 4 and 5 were removed. Serial 
sections were cut through the palmar arch, through the greater part of the 
length of a single digital artery of the 2nd and 5th fingers, and tlirough the 
wliole length of both arteries of the 4th finger (his worst finger). These 
arteries aU showed very similar changes, namely, some sclerosis of the 
media and moderate and uniform intimal thickening (Fig. 6). The elastic 
lamella was weU defined, though sometimes broken. The intima was 
hyperplastic ; in its outer la 3 ’er there were a few wavy coarse elastic 
fibres running parallel to the lamella and in its inner layers finer elastic 
fibres arranged more longitudinally ; whether stained for elastic tissue 
(Fig. 6) or by hrematoxylin or eosin, the intimal tissue presented a very 
uniform appearance when traced around the circumference of the vessel. 
The lumen, though often small owing to the contracted state of the vessels, 
was nowhere nearly obliterated. There was no sign of recent inflammation 
or of ante-mortem clot in these digital arteries. 

One stretch of the palmar artery presented more conspicuous and more 
nregular intimal thickening and a broken elastic lamella, and contained 
more connective tissue (Fig. 7). 



296 


T. LEWIS. 


No csscnl-inl difTcrcncc could be found between tlie clianges in these 
digital arteries and those found among warm-handed people of a little 
greater age, and described in them as moderate general intimal thickening; 
this statement applies not only to t he degree but to the kind of intimal 
thiekening. 

Snmmarn. Clinically this case of Raynaud’s disease was one of moderate 
severity without, evident signs of vascular disease and Avithout nutritional 
changes, and unprogressiA'c. The digital arteries all ex’hibited a moderate 
general intimal hypertroidiy of very uniform appearance and thickness, but 
no greater in degree than is found in some elderly people Avhose hands are 
ordinarily Avarm. 'J’hc lumens of the arteries Avere narroAA'cd but noAA'here 
obstructed. 

Case 4. Lajinaiid’s disease vith small healed vccroses. A.Z., a married 
AA’oman of 3.3 years Avas admitted to hospital on April the ISth, 1935, suffering 
from salpingitis developing into septicicmia, Avhich killed her on May the 
oth, 1935. 

During the early days of her admission she gave the folloAving histor}^ 
She had suffered from cold hands and feet, Avintcr and summer, as long as 
she could remember. For 10 year.s, chilblains of fingers, toes and backs of 
heels had occurred annually. For 11 months, including tAvo AA-inters, she 
had noticed attacks of blanching or purple discoloration of all five fingers 
of both hands ; the discoloration AA-ould begin at the tips and spread to the 
bases of all fingers, and thej’ Avould become numb. White fingers were seen 
onl}’^ Avhen dressing on cold mornings. Immersion of t he hand hi cold AA’ater 
or exposure out of doors on cold da^’s ahvays made her fingers dark blue m 
colour. Rubbing the fingers or immersing them in hot Avater Avoidd restore 
the colour and the fingers Avould then tingle. 

Her mother, brothers and sisters had all suffered fi'ora cold hands and feet 
and chilblains, but not from attacks of discoloured fingers. The patient had 
not experienced hannaturia. Her blood pressure Avas 122 syst. and 80 diast.. 

On examination the skin of the hands shoAved scaly eruption, part of 
a generalised icthyosis. The skin of all the fingers AA'as quite mobile, but 
flexion of the fingers Avas a little limited. The 3rd right finger and the 2nd 
and 5th fingers on the left side had lost a little substance at their tqAS, as 
shoAAUi by scars. After soaking in hot AA'ater the skm of all the fingers was 
red, and shght capillaiy pulsation AA’as seen in all fingers, but not at their 
tips. Weak pulsation AA’as felt in some of the digital arteries. Her radial 
pulses Avere normal. 

Post-mo7‘tem. Both Fallopian tubes contamed pus, so did the inflamed 
cerAux uteri. Pus AA'as present in both knee jonits. The main arteries 
presented little atheroma and the A’^eins AA’ere patent and healthy. Pieces of 
the radial and ulnar arteries AA’ere excised from the right hand ; the palmar 
arch, and both digital arteries from each of fingers 2, 3 and 4 were dissected 
out in their whole lengths. 
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All these arteries -n-hen examined histologically showed a slight or 
moderate sclerosis of the media. The intima of the radial artery was normal, 
that of the nlnar showed slight general thichening, and that of the palmar 
arch was in the same state. 

Arteries of the 2nd, right finger. Both these vessels presented a moderate 
grade of general intimal hyperplasia. Examined in serial sections, the 
lumen of one of these arteries was very much narrowed throughout, though 
the vessel was patent. The other was replaced by several small arteries, 
themselves presenting gross intimal thickening with small or actually 
obstructed lumina. 

Arteries of the Zrd right, scarred, finger. These were examined in serial 
sections from end to end. The digital artery on the radial side presented 
advanced intimal thickening throughout its course. It is illustrated after 
it has branched in Eig. 11. The well defined elastic lamella was broken 
here and there. The outer layers of thickened intima contained elastic 
fibres, the inner layers were formed by a cellular substance with no elastic 
tissue and little collagen {vide infra). The lumen of this artery when present 
was always very small ; the artery was completely blocked in several places 
by organising clot ; and in two places near its base the cellular intimal 
thickening had completely occluded the vessel. The digital artery on the 
ulnar side presented a moderate and fairly uniform intimal hyperplasia 
(Fig. 16) throughout its course ; the lumen contained normal red blood 
cells, except at two places where it was obstructed by quite recent 
blood clot. 

Arteries of the ith right finger. These were also examined in serial 
sections from end to end. At their bases the lumens of both arteries were 
rather small owing to the usual intimal hyperplasia. Traced into the finger 
this hyperplasia gave place to a much greater intimal thickening of distinct 
type. Both arteries were similarly affected. Loosely arranged tissue 
consisting largely of big well-nucleated cells with vacuolated protoplasm 
closed or almost closed the lumen ; here and there the much narrowed 
lumen was finally closed by recent clot, in one place haemorrhage had 
apparently occurred into the new tissue. Remains of the hyperplastic 
intima in the inner layers sometimes gave an appearance resembling an 
artery within an artery. The last appearance was usual in the arterioles 
of this and other fingers ; Professor Turnbull regarded the vacuolated cells 
(in the arteries of this and of the 3rd finger) as lipoid macrophages or “ foam 
cells ” and called attention to the resemblance between the intimal thickening 
and that often found in the arterioles of “ malignant hypertension.” E^o 
thrombi were foimd in the veins. 

Summary. Climcally the case was one of severe Raynaud’s disease 
with scarring of finger tips from healed necrosis and signs of digital arterial 
obstruction, but of only 14 months duration. The digital arteries were much 
diseased. Moderate hyperplasia of the intima was present in many places. 
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In others the intimal thickening was of distinct cellular type and the lumen 
greatly reduced or lost. Here and there the lumens were finally blocked 
by recent or organising thrombus. The changes were very similar to scarred 
and unscarred fingers. 

Case 5. Baynaud's disease with small healed necroses. T.C., a married 
woman, was first seen in her 60th year in October, 1935, for Ra 3 maud’s 
disease. In Juty, 1936, a carcinoma of the stomach was diagnosed ; she 
refused early operation and died of obstruction of the splenic flexure in 
March, 1937, pulmonary embolism following an exploratory operation. 

She stated in October, 1935, that she had been treated for mjTxoedema 
for 27 3 ’^ears and that she had suffered from attacks of white or blue numb 
fingers for 3 years, on exposure on cold days, winter or summer, or when 
washing in cold water. Her fingers were swollen from time to time and the 
index fingers had developed httle pamful sores. Her feet were often cold, 
numb and painful. There had been no chilblains. She had flat feet. 

When she came for examination her hands presented a characteristic 
attack, fingers 2 to 5 on both being livid (tint XV) to their roots and cold. 
The hands Avere puffy, the backs pitting distinctty Anth pressure. The sldn 
of the fingers was mobile but the tips of all the fingers, with the exception 
of the 1st and 5th fingers on the left side shoAA-ed small scars, AAuth distinct 
loss of pulf) in most of these fingers (including E2 and R 4, L 2 and L 4). 
Capillary pulsation AA'as not found in the finger tips after heating the hand. 
Distinct pitting to pressure was present over the forearms and shins, and 
telangiectases AA^ere present on the cheeks ; she stated that she had noticed 
puffiness of the eyes sometimes ; but the skin of all these j)arts was normally 
mobile. 

Post-mortem. A large ulcerating carcinoma was foAmd in the stomach, 
infiltrating the splenic colon and obstructing it. The aorta showed a little 
atheroma, the coronarj’^ and iliac arteries AA'ere atheromatous but unobstructed. 
The right femoral vein was thrombosed and an embolus blocked the right 
pulmonary artery. Pieces of skin from forearm, hand and fingers Avere 
examined for evidence of early scleroderma, but none was found. Pieces 
of the radial and ulnar arteries were excised from the right hand. The 
palmar arch, and both digital arteries of each of fingers 2 and 4 were dissected 
out in their whole length. These Amssels AA’^ere all exammed. Thej^ presented 
little medial sclerosis. The radial artery showed a little generalised intimal 
thickening. 

The right ulnar artery and the palmar arch were plugged by connective 
tissue similar to that found in the digital arteries. 

Arteries of right finger 2. On the radial side of this finger distally, the 
only artery found is shoAvn in section in Fig. 9. It consisted of a very AAude 
and vascular adventitia, a thin circle of medial muscle cells, also vascularised, 
and a central core of dense fibrous tissue to one side of AAdiich the clearly 
recognisable elastic lamella Avas displaced as a crumpled mass. In the 
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middle and at the base of this finger, the digital artery of the radial side was 
plugged by dense, poorly nucleated almost homogenous connective tissue, 
containing fine elastic fibres in its outer layers. Its media and the central 
core of connective tissue were both vaseularised. The artery on the ulnar 
side was si mil arly plugged in its length. In both plugged arteries the elastic 
lamella was well defined and intact. 

Arteries of right finger i. The lumens of these two arteries were plugged 
in their length by substance (Fig. 8) having just the same appearances as 
have been described in the vessels of the 2nd finger. The middle stretch 
of the artery on the ulnar side was disorganised in much the same way as 
that depicted in Fig. 9. No thrombi were found in veins of these fingers. 
Small arterioles in the sections usually showed little change. 

Arteries of left hand. These were similarly rlissected and examined. 
The left ulnar arter}’- was completely, and the palmar arch partly, filled with 
connective tissue containing occasional new vessels. The connective tissue 
in the palmar arch contained much scattered hpemosiderin. The media of 
both arteries was vaseularised. 

Arteries of left fingers 2 and 4. The four digital arteries of these fingers 
were aU closed by fibrous plugs, containing scattered masses of hfemosiderin. 
The media was in aU instances vaseularised. 

Summary. Clinicallj’^ this case, a woman of 60 years, was one of severe 
Raynaud’s disease of 5 year’s duration, displaying evidence of arterial 
disease and of nutritional changes in the fingers. Histologically the digital 
arteries presented no clear evidence of intimal hyperplasia, though such 
tissue may have become incorporated in the outer layers of the arterial 
plugs ; even so the walls of the arteries could not be held to exhibit as much 
basic change as is to be found in those of most warm-handed people of the 
same age. The obvious abnormality was the plugging of the arteries by 
dense connective tissue, clearly consisting of organised thrombi. The 
uniform appearance of these plugs in the arteries (the only exception being 
an occasional disorganised vessel such as is shown in Fig. 9) suggested that 
they were all of more or less similar age, and they were presumably formed 
early in the illness ; the presence of haemosiderin in the plugs of the left, 
and its absence from the right, hand vessels may sigm'fy some differences 
in the age of the clots on the two sides. 

Case 6. Raynaud’s disease with ulceration. J.N., a married man of 
47 years, was admitted in August, 1936, for the condition of his hands. For 
20 years he had develoj^ed sore places on his finger tips from time to time, 
and especially dining the winter. Attaclrs of blueness of the fingers had been 
noticed in cold weather over the same period but not before the sore places 
first appeared. The sore places gave rise to much burning pain. All the 
fingers with the exception of the left thumb had been ulcerated. He made 
no complaint of his feet. 



TABLE 2. 

Six cases of Raynaud's disease. 
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A daughter also alToctcd. 
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When examined the heart and large arteries showed no abnormality 
clinically. The terminal phalanges of all the fingers, including the thumbs, 
were cold and of deep blue colour. Scars were found at the tips of aU the 
fingers except the left thumb, the only one which had never been ulcerated. 
The terminal sections of the 3rd, 4th and 5th left and of the 3rd and 5th right 
fingers were deformed and shrunken ; the 4th right finger was of full length, 
swollen and bulbous at its end. The tip of the 3rd left finger was ulcerated. 
The X-ray showed partial absorption of the terminal phalanges of the 3rd 
and 5th left and 3rd and 5th right fingers, with destructive changes in the 
corresponding terminal joints. A scar was found on the edge of the upper 
pole of each pinna. 

When the feet were kept in hot water for 15 min. the fingers became warm, 
with the exception of the 3rd, 4th and 5th of the left hand. After cutting 
off the blood flow to the warm hand, reactive hyperajmia was delayed in the 
3rd finger and in that only. When heated this finger failed to show capillary 
pulsation. 

The 3rd left finger failed to heal under treatment and continuing to be 
very painful was amputated 2 months after admission. 

Biopsy. The vessels of the amputated 3rd left finger were first examined 
opposite the middle phalanx. One digital artery appeared to be normal. 
The other was obliterated by almost homogenous connective tissue, sparsely 
nucleated, and recanalised (Fig. 12) ; the vessel wall was little changed 
except that it participated in new growth of blood vessels, and was therefore 
unusually vascular. Xear the base of the finger both main arteries were 
plugged by the same sparsely nucleated almost homogenous connective 
tissue containing fine elastic fibres ; one of these plugs was slightly recanalised; 
the elastic lamella of these arteries was broken here and there. In some 
parts of their courses where the lumen of the artery was stiU patent, the 
intima was evidently hyperplastic. No hsemosiderin was seen in the plugged 
vessels. After examining the whole circximference of the base of this finger 
in section, it was clear that its cireidation was carried only by quite small 
arteries or arterioles, the intimal layers of the former being often much 
thickened. The veins showed no recent thrombosis. 

Summary. This case, one of severe Raynaud’s disease, was peculiar 
in the occurrence of sore places on the finger tips over so long a period as 
20 years, and in the emphatic statement that attacks of discoloration did 
not precede the sore places. Histological examination of an amputated 
ulcerated finger revealed digital arteries, the coats of which were affected 
only a little by disease, exhibiting only occasionally a limited h 5 q)ertrophy 
of the intima. The lesions responsible for vascular obstruction, at the base 
of the finger and elsewhere, were old recanaUsed thrombi ; and the circulation 
to the finger apparently had been carried on precariously through these 
channels and through small anastomotic arteries, themselves presenting 
intimal hypertrophy. 
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General note on the adventitia and media. 

Comparing tlie outer coats of tlie digital arteries in these cases of 
“ Raynaud’s disease ” with those from warm-handed people, I have been 
unable to find any consistent difierence. In particular the digital arteries 
in my cases of Ra3Tiaud’s malady display no more than the strong muscula- 
ture of the media that is usual in these vessels. 


Discussion. 

The six preceding case reports are summed up together in Table 2. 
Pickering and I divided cases of so-called “ Raynaud’s disease ” into groups 
of which the first was : — 

Intermittent spasm of digital arteries. Cases 1, 2 and 3 of Table 2 belong 
to this group ; and so far as I can ascertain these are the only cases of the 
kind in which the digital arteries have as yet been examined. Cases 1 and 2, 
the first relating a familj’^ predisposition, were both verj’^ mild cases, the 
attacks of discoloured fingers being provoked infrequently over a period of 
very many years. In these two women of 53 and 58 years, respectively, the 
arteries showed less change than is to be found in many warm-handed people 
of the same ages. Case 3 was a case of greater severitj’, attacks being 
frequent in vdnter and induced by immersing the hands in cold water. The 
intimal hyperplasia found was moderate in degree ; more than has been 
found in warm-handed people of the same age, though no more than that 
seen in older subjects whose hands are warm. 

The findings in the first two subjects make it clear that cases occur in 
which no structural change exists that can be regarded as contributing to 
the attacks of transient discoloration of the fingers, which the cases display. 
Of the third case the same may be said, since it is clear that a moderate or 
even considerable amount of arterial disease can occur without provoking 
attacks (see subjects 15 and 18 of Table 1). To explain the attaclis in cases 
of the type illustrated by these three, it is necessary to assume overaction 
of the musculature of the arteries concerned. 

Intermittent spasm with local mitriiional changes. Cases 4 and 5 of 
Table 2 belong to this group. I consider these two cases together because 
they both presented scarred finger tips, the result of tiny necroses, and 
because the skin of the finger was quite free from necrosis at the time of 
death. There appear to be no reports of similar cases to add to these. 
In Case 4 the intimal lesions included moderate hyperplasia, a distinct type 
of cellular tliickening, greatly narrowing or occluding the lumen, and fresh 
or organising tlirombi. The lesions were similar in scarred and unscarred 
fingers. In Case 5 the intimal hyperplasia was less advanced than is found 
in warm-handed people of the same age. All the digital arteries examined 
were plugged by organised clot, arteries of scarred and unscarred fingers being 
equally affected. In these examples the digital arteries were so damaged 
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as conduits by disease that little blood supply could have passed through 
them to the tissues. It is to be noted that in both cases the history -was of 
sjnnptoms for but a few winters, with which the obstructing lesions were in 
the main consistent. It is suggested that in one of these cases (Case 5), 
the malady began in simultaneous thromboses of a number of digital vessels. 

Case 6 of this Table 2 I consider together with the first four cases of 
Table 3, derived from other sources. These cases all presented attacks of 
discoloration during life, but with one exception were of but a few years 
dmration. I group them together because they aU showed relatively massive 
unhealed necrosis of the fingers at the times the specimens were obtained. 
The feature of these cases, in which moderate intimal hyper[)lasia was 
sometimes distinguishable, was thrombotic obstruction of the arteries, 
seen in various stages of organisation. In one case of this group (Case 4 
of Table 3), the lesions found were similar in the actually necrosed or merely 
discoloured fingers. 

Bilateral gangrene of digits. Cases 5 to 8 of Table 3, collected from past 
records, are grouped together for separate treatment because they gave no 
history of spasmodic attacks, but only of an isolated attack of persistent 
discoloration quickly culminating in relatively massive necrosis of fingers, a 
liistory in itself suggesting thrombosis as the primary cause of mischief. 
The lesions found were similar to those of the last group, the predominant 
lesion being occluding thrombus in various stages of organisation. In one 
case of this group too, (Case 8 of Table 3) the lesions found were similar in 
the actually necrosed and in the merely discoloured fingers, an observation 
which shows that the thrombosis was not secondary to the necrosis, but is 
consistent with its being responsible for necrosis. The resemblance between 
the morbid anatomy in this group and the last, and the usual short duration 
of the symptoms in both groups, leads us to ask if cases included in the two 
groups are not for the most part pathogeneticaUy alike. Thrombi occluding 
both arteries to a finger may lead at once to persistent discoloration ter- 
minating in necrosis. In another instance, where such occlusions hindered 
bloodflow to a less extent, the obstruction might proclaim itself only at such 
time as vascular tone was high, giving transient attaclrs of blueness, and 
necrosis being ultimately determined by a fresh thrombotic event. Pickering 
and I (10) have recorded a case (Case 17 of our report) in which a single 
attack of necrosis of the fingers in a warm-handed girl was followed by 
attacks of cyanosis ; this case supports the idea just expressed. 

The cases exhibiting necrosis or healed necrosis of the fingers here 
recorded strongly support the suggestion which Pickering and I put forward 
that thrombosis in these cases is a main determinant of necrosis of digits, 
not only in its massive form, but in the instance of the minute necrosis of the 
finger tips. 

Prom the cases of Tables 2 and 3 it is clear that in patients who 
display necrosis of the finger tips, with or without healing, the digital arteries 



Cases from past records. 


304 


^r. LEWIS. 











306 


T. LEJ^IS. 


may be assumed to be tbe seat of gross obstructive or occluding disease. 
In sucb tbe presence of tbis grade of disease is very possibly, if not probably, 
adequate to bring about arrest of bloodflow to tbe fingers vbenever tbe 
affected arteries contract in normal response to changes of vasomotor tone 
or in direct response to cold. Tbe structural disease in all sucb cases may 
be regarded as constituting wbat I bave previouslj’’ termed (9) tbe “ local 
fault.” 

Origin of the arterial disease. There are two groups of cases presenting 
trainsient attacks of discoloration, the one without and tbe other with sucb 
arterial disease as might be held accountable for tbe attacks. Are these 
two types merety stages in tbe progress of one disease, or are they to be 
regarded as separate maladies ? Briefly, are we to regard tbe arterial 
disease as secondary to transient attacks of arrested circulation ? It is 
stiU impossible to return a completely satisfactory answer, though tbe 
position is becoming clearer. In the first place it is necessary separately 
to consider change in tbe vessel wall and tbe thrombotic accidents that are 
superimposed. 

Tbe main change found in tbe arterial wall in ” Raynaud’s disease,” 
is hyperplasia of tbe intima ; but tbis change is no more displayed in these 
subjects than it is in many of those whose bands bave always been warm 
and who give no history of attacks of discoloration. Thus the disease 
of the arterial wall is not to be ascribed to tbe attacks. In considering tbis 
relation from a theoretical standpomt it should be remarked that so long as 
the fingers are free from necrotic changes tbe arrest of bloodflow occurs only 
for relativel}’' short periods, with much longer intervening periods in which 
the bloodflow is normal. 

Occlusion of a vessel when arising from organic cause is generally the 
result of thrombus formation and this is an abrupt affair. It may be reason' 
able to suppose that in certain instances thrombi form ui vessels the endothe- 
lium of wliich has been damaged by previous, prolonged or repeated, loss of 
blood supply. But in other cases this assumption is a difficult one to make ; 
there are cases in which the historj’^ of attacks of discoloration of the fingers 
has been associated from the beguming with necrosis ; cases where the first 
attack is one of prolonged discoloration ending in necrosis, and where this 
is followed by transient attaclvs of discoloration ; there is the fact that cases 
presenting fresh or healed necrotic lesions are cases in which previous attacks 
of discoloration are nearly always stated to have occurred over a relative!}’ 
short period, a period of a few months or a few years, rather than a history of 
attacks since childhood. Such considerations lead to the belief that a 
proportion, perhaps a considerable proportion, of cases experiencing 
necrosis, are cases m which the whole train of symptoms from attacks 
of discoloration to ultimate necrosis, is determined by an mitial thrombotic 
event. 
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Pakt 3. Scleroderma with raykaud piienomenon. 

These cases are disciissed sepaTalcly bcca^isc it is possible that the 
primary mischief is in the tissues surrounding the vessels and that the 
vessels are secondarily affected. I have thought it important to record my 
own case, though many have been recorded previously, so that dcscnldions 
of the different conditions as given by the same observer may be available 
for comparison. 

Case 7. Scleroderma {diffuse) wilh Ea!/7iaud's 27licm777e7wn . A.B., a 

married woman of 56 years was admitted to ho.spital in October, 1030, 
complaining of her fingers and toes. This was her history. 

She first noticed attacks of discoloration of fingei-s and toes 9 years 
previously, the discoloration appearing on exposure to cold. The digits 
would become white and numb and later blue. During the same period 
stiffness of her fingers and of other joints of upper and lower limbs had 
developed. Eor a few years sore places had been forming on her fingers, and 
sometimes on ears and nose, in cold weather or following injuries. She 
had suffered from pain in the fingers and from worse pain in the toes. 
Latterly she had been breathless. 

On examination she presented the characteristic pictiu-e of diffuse 
scleroderma. The skin of the whole face was smooth, shiny and stiff. 
The cheeks were covered with telangiectases ; the naso-lnbial folds were 
lost, movements of the face were limited, the eyelids could onl}’ just be closed. 
The sldn of all the limbs was simfiarty affected, the condition growing worse 
when traced distally. Movements of fingers, \vrists, elbows, shoulder, and 
knee joints, were limited, apparently chieflj' through the tenseness of the 
skin. The 4th and 5th left fingers were contracted into the palm, and the 
palm was thickened as in Dupu 5 d:ren’s contracture. Blood pressure was 
170 systolic and 100 diastolic. The skin was much pigmented. The finger 
tips showed small scars. 

A bilateral lumbar S3Tnpathectomy was done successfullj\ But during 
the second stage of a bilateral cervical sympathectomy the jjatient developed 
pneumothorax and did not recover. 


Post-77\ortem. The cause of death was found in bilateral collapse of the 
lungs. The aorta and main arteries showed little atheroma, the main veins 
were normal. 


Sections of the skin of a finger showed little change in the epidermal 
layer, the subpapiUary layers of the skin were unusuaUj^ rich in dense 
connective tissue and contained many small lymphocjTic infiltrations. 
Sections of the ulnar and radial arteries showed medial sclerosis. The 
radial arterj* presented a moderate general h 3 ^perplasia of the intima, 
pervaded by coarse and fine elastic fibres, arranged in paraUel lamime. 

he ulnar arte^ showed more conspicuous but irregular intimal thickening, 
wi much reduced lumen ; the thickened intima presented the same 
appearance m its outer layers as those seen in the radial artery, but in the 
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ulnar the thickening was supplemented by internal and irregular pads of 
sparsely nucleated connective tissue, with little elastic tissue. The main 
palmar artery was in the same state. The digital arteries were all examined 
in their whole length in the left 2nd and 4th fingers. From tip to base the 
arteries of finger 4 showed conspicuous intimal thickening by tissue pervaded 
by parallel wavy la 3 mrs of elastic in its outer parts and by sparsely nucleated, 
irregidarly arranged, connective tissue (with or without fine elastic fibres) 
within. One artery was replaced at the end of the finger by a number of 
small ones, themselves shovdng intimal tliickening (Fig. 14). Near the tip 
of tliis finger the connective tissue around the vessels was very dense and the 
medial coats of the digital arterj’^ was very fibrous. The vessels presented 
the same appearance whether surrounded hj’^ fibrous tissue or not. Vascularity 
of the adventitia was often conspicuous, with occasional hut shght perivas- 
cular infiltration. In the 2nd finger the changes were similar but more 
advanced, both arteries had been closed (Fig. 13) ehiefij’^ by similar intimal 
thickening, though here and there with tissue containing vacuolated cells 
centrally ; these arteries were also surrounded by dense connective tissue, 
sometimes penetrating and almost destro 3 dng the medial coat. The elastic 
lamella was broken in places in most of the arteries examined. Hsemosiderin 
was seen in the walls of none. The circulation was carried on m the 2nd 
finger by a number of small muscular arteries, themselves showing intimal 
thickening. 

Summary. The case was one of difi'use scleroderma with Raynaud’s 
phenomenon developing simultaneously for 9 years, and associated in later 
years with sore places on the fingers. 

Examined histologically the uhiar arter}’’, the palmar, and digital 
arteries present conspicuous intimal thickening. The outer layers of thickened 
intima contained parallel wavy elastic fibres, but the inner laj’^ers consisted 
mainly of connective tissue. 

The changes in Case 7 are similar to those previously recorded by Matsui 
(11) in 5 Japanese women suffering from scleroderma and Raynaud’s 
phenomenon. As in onr case, little change was found in the radial artery, 
but gross changes in the digital arteries. Matsui described the media as 
hypertrophied, and sometimes as sclerosed. The adventitia was less often 
described as sclerosed, sometimes as infiltrated or surrounded by lympho- 
cytes. In some vessels the intima was unthickened, but in the rule 
conspicuous thickenmg with almost complete ohhteration of the lumen 
occurred, the thickening consisting of connective tissue and elastic fibres. 
In two cases, out of four which presented necrosis of finger tip, organising 
or organised thrombi were found in the digital arteries. The descriptions 
of the digital arteries for the 6 cases are summarised with chief clinical details 
in Table 4. These cases allow us to say that in scleroderma vdth Raynaud 
phenomenon it is the rule to find conspicuous mtimal thickening of the 
digital arteries, in which increase of connective tissue plays an important 
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part. In the lumens, organising thrombi arc not nncommon. Matsui 
Lde it clear from past records and his own observations that similar changes 
in the arteries occur in most of the tissues of the body and are not pcculm 
to the fingers or even to the sldn of these patients. 


TABLE 4. 


Diffuse scicrorhnm ami liaynaml’s disease. 


' 

Case. 

Sex 

and 

age. 

' 

Died of 

Dumtion 

of 

sjTnploms 
in yonrs. 

Gangrene 

of 

finger 

tips. 

Digital arteries. 

JIatsui’s 
Case 1 

F. 17 

Heart failure 

o 

Drj- 

Organising clots (lin-inosi- 
ilcrin) nttachcsl to walls.'f 

o 

»» •“ 

F. 4S 

1 

1 

1 ** 

5 

Small ulcers 

Greatly thickened intima 
(collagen and ela.stic) ; lumen 
almost closed. Mcrlia 
thickened. 

,, 3 

F. 19 

Pulm. tubercle 

7 

Drj- 

V. great intimal thickening 
(collagen and clastic). 

» 

F. 25 

Pericarditis and 1 

tuberculous 

glands 

1 

Dry sores 
with scabs 

Organised thrombi in 
placcs.f 

„ 6 

F. 33 


3 

Kot 

mentioned 

Media fibrosed. Conspicuous 
intimal thickening (collagen 
and clastic) ; lumen almost 
dosed. 

Own 

Case 7 

F. 56 

Operation for 
sympathectomy 

9 

Scars of 

healed 

ulcers 

Sclerosis of adventitia nnd 
media. Conspicuous 
thickening of intima (con- 
nective nnd elastic tissue) 
obliterating lumen in places. 


* In this case the scleroderma ivas not universal, but confined to the upper limbs, rvliero 
it was advanced. 


t Intima of digital arteries not mentioned, but it showed the usual thickening in other 
cutaneous arteries. 


Past 4. Capillaey pulsation. 

In 1924 I recorded observations (8) upon capillary pulsation of the 
finger tips produced by soaking the hand in hot water. In a series of 39 
Mrma subjects of different ages, this capillary pulse was found to decline 
om a 49 years and often to fail after the 60th year was passed. It was 
suggested that the presence or absence of capillary pulsation in the fingers 
ot the heated hand might serve to test the condition of the vessels of the 

gers. ^ e present observations allow this suggestion to be examined on 
an anatomical basis. 
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Capillary pulsation failed to be elicited in one subject (No. 18) of Table 1. 
The condition of the corresponding digital arteries in aU eighteen subjects 
can be gathered from this table. It -would appear that slight or even moderate 
general proliferation of the intima is consistent Avith distinguishable capillary 
jjulsation. The most advanced instance of disease in those presenting the 
sign was found in No. 15. In the Ith finger of this man during life capillary 
pulse AA^as just clearly distinguishable when the hand AA^as heated. Both 
arteries shoAA^ed moderate intimal hj’^perplasia at the base of the fingers 
and more conspicuous thickening (illustrated by Pig. 15) distally. The 
grade of intimal thickening found in subject 18, in AA^hom capillary pulsation 
could not be detected was very similar. Of the Raynaud’s cases in Table 2, 
three shoAved capillary pulsation during life. It Avas shown bj" one patient 
(Case 3) in AA-hom the intimal thickening was uniformly moderate. The 
cases in which it failed to appear AA^ere those with nutritional changes in the 
fingers and for the most part plugged vessels (Cases 4, 5 and 6 of Table 2, 
and also Case 7 of Table 4). 

We are in a position to conclude that failure to elicit capUlary pulsation 
by soaking the hand in water at 46° up to 10 min. indicates a considerable 
reduction or obliteration of the lumen of the digital arteries. The sign may 
be so used proAdded that there is a normal pulse pressure, pulses at the 
vTist, and that the pulsation is searched for carefullj’- by one who is accustomed 
to elicit it. 


Conclusions. 

1. In Avarm-handed adults, used as controls, the digital arteries usually 
show distinct intimal thickening, and this increases vdth age ; general 
thickening is the rule from 50 yeai’s onwards. The thickening consists of 
hyperplasia of the intimal tissues. After 60 years conspicuous thickening 
may be found. 

2. In cases of intermittent spasm of the digital arteries, exemplified 
by the mildest form of so-called “ Raynaud’s disease,” there is no more 
intimal thickening than is to be found in the arteries of warm-handed people 
of similar age. In a case of the same tj^ie but of greater severity more 
intimal thickening than is usual was found, but it was no more than that 
found in many subjects who present no symptoms. Attacks of discoloured 
fingers in these cases must therefore be ascribed to over-action of the muscular 
wall. Hyperplasia of the media has not been found in any of them ; the 
digital arteries are normally very muscular. 

3. In 2 cases of intermittent spasm presenting the scars of small healed 
necrosis of finger tips, obstructive disease of the digital arteries was dis- 
covered. The arterial wall generally presented intimal hyperplasia ; 
the lumens were conspicuously reduced or actually occluded by new 
cellular tissue, or by recent or organised tlirombus. These conspicuous 
lesions were present in scarred and unscarred fingers. 
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4 In cases of intermittent spasm presenting nnlicalcd necrosis of 
fingers thrombotic obstruction of the digital arteries is t he rule ; it is seen 
in various stages of organisation. 

5. In cases of bilateral discoloration and necrosis of fingers, vitliout 
previous attacks of discoloration, the predominant lesion is again tbrombus 
in various stages of organisation. Similar lesions arc found ui necrosed and 
xm-necrosed fingers of these cases (see Lewis axxd Pickering). 

6. It is suggested that in a proportion, perhaps a considerable propor- 
tion, of cases experiencing attacks of discoloration leading xip to necrosis 
of the fingers, the whole traiix of s 5 'mptoms is determined bx' an initial 
thrombotic event. 

7. Evidence has not been found that attacks of digital arterial spasm 
lead up to thickening of the medial or intimal coats of the digital arteries ; 
very possibly it may lead xxp to tlirombotic events. 

8. In difi'use scleroderma, presenting attacks of discoloration of the 
fingers, there is conspicuous or occluding disease of the digital arteries. 
In the intimal thickening, h 3 'perplasia of the original tissues and connective 
tissue groxvth play conspicuous parts ; organising thrombi maj' be found 
in the lumen. 

9. In the presence of a full radial pulse, failure to elicit nnj" capillarj’ 
pulsation at the tips of the fingers, by adequatelj’ heating the hand, indicates 
a considerable reduction or obliteration of the lumen of digital arteries bj' 
structural disease. 
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Fig. 1. Fig. 2. 

Fig. 1. (X 70). Ivo. 2 of Table 1. A woman of 24 years. “Warm liands. Digital arterj' near 
end of 4th left finger. Almost if not quite normal. W’eigert’s stain. Fig.'2. (x 70). 
Xo. o of Table 1. A man of 39 years. Warm hands. Digital artery near end of 4th left 
finger. Slight thiekenirg of intima. AVeigert’s stain. 



Fig. 3. Fig. 4. 

Figs. 3 and 4. ( x 70). Case 2, aged 58. Kajmaud’s disease, mildest form. Digital arteries 
at base of right 2nd finger {Fig. 3) and at middle of right 4th finger (Fig. 4). There isslight 
patchy thickening of the intima. AA'eigert’s stain. 
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Fig. o. ( X 70). Xo. 9 of Table 1. Warm hands. Digital arterj' near end of left index finger 
to illustrate “moderate general” hyperplasia of the intima. Weigert’s stain. 


Fig. 6. (X 70). Case 3. Raj-naud’s disease, aged 44, uncomplicated. Digital artery from 
the right index finger. Adventitia and media show little abnormality. The intima is 
moderately and generally thickened. Weigert’s stain. 



Fig. 7. (x 70). Case 3. Palmar arteiy* showing conspicuous thickening of intima. The elastic 
lamella is broken to the right. Weigert’s stain. 

Fig. S. ( X 70). Case 5. HaT-maud’s disease, severe form. Digital arterj' from base of 4th 
right finger. The lumen obliterated by almost homogenous, sparsely nucleated, connective 
tissue. Ha?matoxj*lin and eosin. 




RAYjSTAUD’S disease AjST) preganglionic SYjMPATHECTOLIY* 


By THOMAS LEWIS. 

(Department of Clinical Research, University College Hospital Medical 

School, London). 


Eight years ago in reporting the effect of cervical sj-mpathetic ganglionec- 
tomy in two patients (one of them a case of Rajmaud’s malady), Landis and 
I recorded (5) the fact that within a few days of the operation, the 
vasodilatation consequent on loss of vasomotor tone declines from its full 
degree. Physiologists had already remarked (1) upon increase in the tone 
of minute vessels after sympathectomy in animals ; we added evidence that 
the small arteries are also affected. This was, so far as I am aware, the 
first evidence offered to show that the full effect of sympathectomy in man 
is not maintained, and this owing to the intervention of a local compensatory 
factor. It did not escape us at the time that this observation was relevant 
to the after-histories of patients with Rajmaud’s disease treated by 
sympathectomy. But I was concerned vith the mechanism of the attack 
of spasm in digital arteries, believing I had found evidence that it was not 
primarily the result of abnormal vasomotor tone, as Raynaud had believed 
it to be. An argument used for this view was that patients would display 
attacks of loss of circulation to the fingers even after sympathectomy. I 
recognised that an attempt might be made to explain the recurrence of 
attacks after sympathectomy by attributing them to the interposition of the 
compensatory factor ; but refrained from discussing this point because the 
reply to such an argument seemed so clear. Eor if recurrence was not due 
to an original and abnormal local factor, as I supposed it to be, and if it 
were due to a new factor of compensation arising out of sympathectomy, these 
attacks of Raynaud’s phenomenon should occur equally after sympathectomy, 
whether the cases operated upon were originally cases of Raynaud’s disease 
or not. But this has not been shown. On the contrary, in so far as my own 
experience is concerned, only the case originally presenting the Raynaud 
phenomenon displays it after operation. To my mind it is conclusive that, 
if any case of Raynaud’s disease presents attacks after ganglionectomy, the 
attacks are the result of a local fault both before and after operation. 


* undertaken with the aid of the Medical Research Council. 
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Since our paper was written, the regain of vascular tone following 
S5^mpathectomy has won increasing notice and esiDecially through the 
interesting work of Telford (8), Smithwick (G) and White (7, 9, 10). These 
surgeons, basing themselves largety on now experimental work by Freeman, 
Smith-wick and White (2), and by Grant (3) have become impressed b}"^ 
differences in the reaction of the vessels deprived of their sympathetic nerve 
supply by preganglionic interruption and b 5 ^ degeneration ; they have 
de-vdsed operations of preganglionic sympathectomy in man (Telford and 
Smithwick) ; and the 5 >- have concluded from these direct clinical observations 
that removal of the cervico-thoracic S3'mpathetic ganglia is less effective 
in relieving Raynaud’s phenomenon than is preganglionic section of the 
same sj’^mpathetio suppty. I am prepared to accept clinical evidence for 
this conclusion. The preganglionic operation has the merit not only of 
producing, so it Avould seem, the greater vasodilatation, but in avoiding the 
disfigurement of Horner’s s^mdrome (Telford (8)), the sj^mpathetic motor 
fibres to the e}^ passing from cord to ganglion seemingl}’^ through the white 
ramus of the 1st thoracic root. The new surgical procedure is rapidlj’- 
replacing ganglionectomj’-, the results of which are now very generaUj’^ 
admitted to have been far from fullj’^ satisfaetory. But the reports of 
preganglionie section, an operation which I welcome as more promising than 
ganglionectomy, are apt to convej' too favourable a regard for this treatment. 
They are providing also — and this is a matter -with which I am at present 
more especially concerned — a basis from wliich it maj'^ again be argued that 
attacks of Ra 3 maud’s phenomena are primaril 3 ’’ the result of abnormal 
vasomotor nervous tone. But it is not true that preganglionic section of 
the vasomotor nerves to the upper limb alwa 3 ^s, or nearly always, prevents 
subsequent attacks of loss of circulation to the affected fingers, as the following 
observations quite clearty show. These observations concern six cases of 
Raynaud’s phenomenon treated b 3 ’- preganglionic S 3 ’^mpathectomy and 
examined before and shortl 3 '- after operation. The cases are unselected in 
the sense that they have been the first six cases submitted to this operation 
that have been available for my tests. 

The s 3 nipathectomies were all done by '’m 3 ^ colleague ]\Ir. G-W 3 nne 
Williams, to whose co-operation I am much indebted and who has kindl 3 ’^ 
consented to their publication. 

Case 1. — Severe Baynaud’s disease with nutritional changes. Excision of 
left 2nd dorsal symjMthetic ganglion ; section of right cord below 2nd 
dorsal ganglion and reflection of cord upwards. Subsequent attacks in 
both harids. 

E.W., a gardener of 33 3 mars came under observation in October, 1937. 
As a lad he used to suffer from chilblains on the feet. His hands gave him 
no trouble before his 26th year, when he was laid up in bed with influenza. 
After getting up he noticed that his fingers often went white from tip to base. 
These attacks continued, increasing in frequenc 3 % the fingers becoming blue 
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or -R-hite in colour regularly on exposure out of doors or after immersing the 
hands for long in cold water. The discoloration would disappear in a warm 
room and the hands become very red and warm. From his 31st year there 
had been pain in certain finger tips, especially in the left and right index. 
Sore places with a little discharge appeared on several finger tips a year 
later, and these were very painful. Hjematuria or discoloration of the face 
had not been experienced. Apart from coldness of the feet he made no 
complaint of them. 

On examination in an outpatient department, aU the digits (1 to 5) 
of both hands were blue (tint XIV or XV) to their bases, and the dorsal 
surfaces of the hands were patched with blue and red. The fingers seemed a 
little swollen, especially in the region of the proximal interphalangeal ioints, 
and their flexion was imperfect ; the skin of their dorsal surfaces was, however, 
normally mobile. The tips of a number of fingers presented tiny depressed 
scars ; thus, on the left side these scars were present on the 3rd and 4th, 
and were numerous on the 2nd finger tip. The 5th finger tip was 
distinctly shortened and the nail narrowed and bent. Several of the nails 
were brown in colour and a little roughened and malformed. The skin 
beneath the majority of the nails was heaped up and adherent to the nail. 

After immersion in warm water the hands became bright red all over. 
This redness remained when the hands were immersed in water at 44° but the 
tips of fingers 2 to 5 on both hands then became a little cyanosed (tint XI). 
When thoroughly heated no capillary pulsation could be found anywhere 
in the hands and no pulsation could be detected in the digital arteries. 
The radial pulses were full. 

Immersion of a hand in water at 15° to 18° soon induced cyanosis, the 
whole hand beconung fully cyanotic (tint XV) to the wrist and large areas 
of the same discoloration appearing as high as the middle of the forearm 
vlthin 20 min.. If a single finger of the warmed hand was immersed at 
15°, this finger became fully cyanotic. 

Sympathectomy was done on the left side, an inch of the cord, including 
the 2nd dorsal ganglion being excised on 14th December. 

The patient was seen 19 hours after the operation. His pupils were 
equal ; the right but not the left side of the face and neck was sweating a 
little. The body was covered with sweat, but only as high as the 2nd 
intercostal space on the left side and in this space it was slight. The left 
arm and hand were quite dry, the axilla on its inner side only being moist. 
The right hand and arm were moist. TTis temperature was 100'2. The 
hands when withdrawn from under the bedclothes were equally and fully 
warm. Both hands were of a bright red tint, but the left hand and forearm 
were paler than the right, and the veins were more distended. Capillary 
pulsation could not be detected in either hand, and a digital pulse only at 
the base of the 5th right finger. The left hand was immersed in water at 
15° and was maintained in the water, which rose to 18° during the next 
45 imnutes. Discoloration of fingers began to appear in 20 ^^^utes, and 
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by the end of the immersion, the 1st, 2nd, 3rd and 5th fingers had become 
fully cyanotic to their roots. The 4th finger was less cyanosed. The whole 
of the back of the hand was almost fully cyanosed. 

A right sj’^mpathectomy, division of the cord beloAv the 2nd dorsal 
ganglion with reflection of the cord upwards into the scalenus, which 
necessitates section of the rami, was done on ^February the 8th. The right 
hand was hot and dry when examined next day. On the 12th (4th day) 
the hand was immersed in water at 17°, and the fingers became fully cyanotic 
(tint XV) to their roots within 11 minutes. 

Although attacks could be provoked easily in both hands, they were 
usually warm and free from spontaneous attacks of discoloration. Their 
condition was much improved from their state before operation ; the man 
returned to hospital after the first operation, asking that the second should 
be done. 

Comment. The operations that were done are to be regarded as complete 
sympathectomies of the limbs, udth the exception of such skin of the axilla 
as may have been sujjplied by the 3rd ganglion, and preganglionic with the 
exception of the supply of the 2nd ganglion. 

This first case shows that in Raynaud’s malady attacks of loss of 
circulation to the fingers may be induced uithin a day of preganglionic 
sympathectom3^ Attention is to be drawn to the fact that the affected 
fingers presented nutritional changes, and that evidence was obtained 
indicating structural disease of the digital arteries. Failure of sympathectomy 
to prevent attacks of Raynaud’s phenomenon, clearly forbids us from 
ascribing the original attacks to overaction of vasomotor nerves. It is 
manifest that the attacks were due to an abnormality of the digital arteries. 
There was in fact independent evidence that these were diseased. The 
view can be taken that such digital arterial disease as this is entirely secondary 
to long-continued or repeated vascular spasm, and consequently is not to be 
regarded as an essential factor in the primary mechanism of a transient 
vascular closure. There is, however, insufiScient evidence to support tliis 
conjecture ; but even were it sound it would not alter the fact that in cases 
of this kind as they come before us, the local fault must still be regarded as 
predominant. But, since evidence derived from cases presenting evidence 
of arterial disease is regarded by some as inapplicable to the malady in general, 
in that the arterial disease may be thought to arise as a secondary effect of a 
distinct primary fault, I shall describe other cases. 

Case 2. Baynaztd’s disease. Division of left sympathetic cord heloio Ind 

dorsal ganglion, and excision of right 2nd dorsal sympathetic ganglion. 

Subsequent attacks. 

A.L., a shop assistant of 43 years came tmder observation in June, 
1936. She gave a lustory of cold extremities and chilblains on the hands and 
feet in childhood, but of good health until the last few years. From the age 
of 39 years she experienced attacks in which the fingers became waxy white 
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in colour. The 4th and 5th fingers were the most often affected in each hand, 
hut on each the 2nd and 3rd fingers were also affected, but not the thumbs. 
Blueness of the fingers often followed whiteness and, after recovery, the 
fingers became very red and a little swollen. Recovery was associated with 
considerable pain starting at the tips of the fingers. The attacks were 
provoked by exposure to cold ; they were confined to the winter time. 
A small blister appeared on the left 4th finger in March, 1936, following an 
injury by a small splinter ; it healed slowly. Numbness and discoloration 
of the toes had also been noticed ; her face was unaffected. There was no 
family history of similar disorders. She had experienced no hsematuria. 

Attacks of characteristic discoloration were seen. The skin of the 
fingers of both hands was normal in texture and mobility. The nail of the 
4th left finger was discoloured, and near its base on one side a flake of 
discoloured skin was becoming detached. The radial pulses were full, the 
ulnar pulses palpable. 

The left sympathetic cord was divided between the 2nd and 3rd dorsal 
ganglia on June the 17th, 1936. Next day the left hand was pink, warmer 
than the right, and quite dry ; but within 5 days abnormal blueness and 
coldness of this hand were noticed. The right sympathetic cord was exposed 
and an inch of it removed, including the 2nd dorsal ganglion on October 
the 8th, 1936. Next day the right hand was warmer than the left although 
exposed for many minutes outside the bedclothes. Within 4 days attacks 
of coldness of the right hand and blueness of the 4th and 5th fingers were 
noticed. 

Examined on December the 11th, the woman stated that although her 
hands had been improved, she stiU experienced attacks, fingers 4 and 5 of 
the left hand particidarly becoming numb and white for about 5 minutes on 
cold mornings. Her eyes were normal in appearance. The hands and 
axillce were quite dry. On heating the patient, sweating occurred on the 
trimk to the level of the 3rd intercostal spaces on the two sides ; the arms, 
and head and neck did not sweat in any part. No scarring could be foimd 
on any finger ; the crumpled ridge on the 4th left finger nail was growing off. 
Flexion of all the fingers was quite free. When the hands were thoroughly 
warmed, capfilary pulsation was seen in aU fingers but the 4th and 5th right, 
and the 3rd left. When they were immersed in water at 18°C., the tips of 
all the digits of both hands, except the right 2nd and 3rd, acquired a deep 
cyanotic tiut (tint XIV or XV) within 20 minutes. The hands continued 
in their improved condition rmtil November, 1937, when the 3rd right 
finger became ulcerated and a large area of superficial necrosis occurred. 
Seen in February, 1938, this finger was stUl flaking, though nearly healed. 
Her hands were quite dry and she spoke of their having been so since the 
operation. The left hand was cool, the right cold ; and the last three fingers 
of the right hand deeply cyanosed. 

Comment. The operations are to be regarded as complete sympathec- 
tomies of the upper limbs, with the exception of such skin as might be 



326 


(P. LEWIS. 


supplied by the 3rd ganglion to the axillary region ; and preganglionic with 
the exception of the 2nd ganglion. These sympathectomies led to successive 
improvement of the two hands, but did not prevent attacks of discoloration 
occurring within a few days of operation. 

In this case, unlike the last two, there was no clear evidence of 
nutritional change in the sldn, a small lesion which had occurred on one 
finger being attributable to a well defined injirry . It is proper to call attention 
to the fact that capillary pulsation was not provoked in two of the fingers 
chiefl}’- affected, a common enough observation to make in cases of Raynaud’s 
malady and one which must be interpreted as indicating significant structural 
change in the arteries of the corresponding fingers. Any remaining doubt 
that preganghonic sympathectoni}'^ ma}'^ fail to cure, though it relieves, in 
cases of Raynaud’s malad 3 '’ in which all the arteries to the fingers are without 
significant structural change is removed by the case now to be recorded. 

Case 3. Eaynand^s disease loithoid nutritional changes. Bilateral excision 

of 2nd and ird dorsal sympathetic ganglia. Subsequent attacks. 

L.W., a girl of 22 came under observation in June, 1936. She gave 
the history that, since the age of 14, her fingers and her toes became “ black ” 
and numb when she was cold ; that the attacks now occurred almost every 
day in winter time ; and that the discoloration started at the tips of the 
fingers and spread up the fingers to their bases. The right thumb and index 
finger were said to be most often attacked, but aU were involved. Her 
hands were usuall}’’ moist with sweat. She stated that she had never had 
any sores on her fingers at any time and on examination the fingers were 
without trace of scars. The skin of all the fingers was normal in texture 
and mobility ; the nails were all well shaped and quite smooth. Flexion 
of the joints of the fingers was normal. Capillary pulsation was observed 
in aU finger-pads when the hands were warm. Thus, she was not only 
without nutritional changes in the fingers but free from detectable 
obstructive disease of the digital vessels. Typical attaclcs of discoloration 
could be induced by immersing the hands in cold water. There was no family 
history of similar affection. She had never seen blood in her water. Her 
face was unaffected. 

The left sj’^mpathetic cord was divided on October the 13th above the 
2nd and also below the 3rd dorsal ganglion, the corresponding piece of cord 
vdth these two ganglia bemg removed. Nine days later, on October the 
22nd, a precisely similar operation was performed on the right side. The 
removal of two ganglia at the second operation was confirmed bj’' their 
histological examination. Horner’s syndrome developed on neither side. 
After recovery from the second operation, on November the 9th, it was 
found that on warming the body no sweating occurred on the body above the 
level of the third intercostal spaces anteriorly. Both arms were free from 
sweat with the exception of a small area on the lateral wall of each axilla, 
extending down the arm about 2 inches on the left, and 3 inches on the right side. 
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The operation on the left side was done on October the 13th. It is 
stated that on October the 14th, the left side of the face was warmer than the 
right, and was not sweating. Wlien the patient was examined on October 
the 19th, the palpebral fissures and the pupils were equal in size ; the left 
face was drier than the right and the left malar process just perceptibly 
flushed. Tlie left hand was found to be warmer than the right and paler 
in colour. Capillary pulsation was seen in all flnger-pads and in aU parts 
of the palm tested ; digital pulses could be felt in aU fingers. This hand was 
dry, while the right was moist. 

The operation on the right side was done on October the 22nd. The 
hands were examined day by day subsequently from the point of view of 
temperature, colour, and the strength of pulsation of the digital arteries ; 
the examinations being carried out on each occasion after the hands had been 
exposed equally for at least half an hour. 

The dorsum of the right hand remained warmer than that of the left for 
eight days, as judged by palpation. By measurement with a thermo-electric 
junction the temperatnre diflierence was found to average about i°G. on the 
first day after the second operation, and about J°C. on the fifth. The fingers 
of the right hand were warmer than those of the left on the first day, and 
were subsequently of equal temperatnre or slightly warmer until the sixth day, 
after which time they were of equal temperatme. The right hand remained 
deeper in colour than the left for the first three days ; subsequently both hands 
were of equal colour. The digital pulses were usually foimd to be stronger on 
the light side for about the first eight days after operation. On the twelfth day 
they were equal and conspicuously weaker than immediately after operation. 
Capillary pulsation appeared equally in both hands whenever tested. 

During the period of the patient’s recovery from operation she was in 
hospital under daily observation and the weather was cold. The hands 
were usually outside the bedclothes. Before operation typical attacks of 
blue discoloration of the fingers occirrred frequently in both hands. These 
attacks almost ceased after the bilateral operation, though on one occasion, 
November the 1st (10th day), deep cyanosis of the right index finger appeared; 
it was confined to the finger tip. 

It was foimd to be still possible to cause abnormal cyanosis in 
most digits of both hands. Thus, on November the 3rd, 21 days after 
the left s 5 Tnpathectomy, the left hand was immersed to the wrist at 17 °C.. 
After 17 minutes all digits of the left hand were found to be cyanotic (tints 
XII to Xr\^), the cj'anosis extending from the tip of each finger over one or 
two phalanges. On the same day, 12 days after the right sympathectomy, 
the right hand was similarly immersed in water at 18°C.. After 19 minutes 
the 2nd, 3rd and 4th digits were C 3 *anotic (tints XII to XIV) over the terminal 
phalanges, and 9 minutes later the cyanosis had spread to the tip of the 
thumb. 

In February, 1938, this patient reported that there were no further 
attacks until December, 1937, when they returned in all fingers. An attack 
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of discoloration was present when she came, all fingers being deeply cyanosed 
at their tips. The hands were quite dry and she said that they had remained 
so since operation, though she had noticed a little sweating under her eyes 
when nervous or hot. After immersion in hot water the fingers all displayed 
very distinct capillary pulsation. 

Comment. The operations are to be regarded, as complete sympathec- 
tomies of the Hmbs, and preganglionic vdth the exception of such skin of the 
axilla and inner side of the upper arm as may he regarded as supphed by the 
2nd and 3rd nerve. On neither right nor left side did the operation prevent 
the early recurrence of attacks, spontaneous and deliberately provoked, 
though the condition of the hands was improved. Observations seemed to 
show that the vasodilatation following operation declined during the first 
few days to reach stabihtj’^ about the 6th to 8th day after sympathectomy. 
This case was one of Rajuiaud’s malady presenting no nutritional changes 
and no evidence of significant structural disease in the digital arteries. 

The two cases which follow were of milder Raynaud’s disease, in which, 
though no attacks could be induced after sympathectomy, the vessels could 
nevertheless be shown to react abnormally. 

Case 4. Raynatid’s disease zviihotd miiriiional changes. Excision of 2nd and 

Zrd left dorsal sympathetic ganglia ; division of right cord below Zrd dorsal 

ganglion and of rami to 2nd and Zrd ; subsequent abnormality shown. 

M.A., an unmarried woman of 34 years came under observation on 
December the 30th, 1937. She said that her hands and feet had been cold 
since childhood, with attacks of discoloration of her fingers. Chilblams 
occurred on her fingers during the last two vdnters. The attacks occurred 
many times a day in cold weather, aU the fingers becoming bloodless at their 
tips, the waxy colour spreading to the proximal interphalangeal joint, and 
the fingers becoming numb. When hanging down, the fingers and backs of 
the hand became deep blue in the attack. i^Tien the fingers went white, 
they always became blue subsequently. Attacks were provoked by cold 
Aveather or by immersion in cold water ; they were more frequent when she 
was worried or upset. Warmth gave recovery vdth reddening and tingling. 
Her hands had never sweated much. She liad no knowledge of attacks in 
feet or face ; her urine was always normal in colour. There was no family 
history of the affection. 

The skin of the fingers was normal in every respect, mobile and unscarred; 
the nails were normal. When spontaneously warm, or after immersion in 
water at 43°, the skin was red, pulsation of digital arteries could be felt in 
all the fingers, and capillary pulsation was observed in all the finger tips. 
When cold, the fingers became fully cyanotic to their roots and cyanosis 
spread over the backs of the hands. The colour of the skin of the hands was 
unusually deep as high as the wrists. Exposure of a warm hand to the air 
of the ward (17°) or immersion in water at 16° to 18°, induced obvious 
cyanosis within 10 min., and the cyanosis was full within 20 min.. 
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Left sympathectomy was done on Jamiarj’ the dth, the 2nd and 3rd 
dorsal ganglia being removed (confirmed liistologically). Horner s syndrome 
did not develop, but when examined next morning, the left Jiand was liot 
and dr 3 ^ the right blue and cold as usual after exposure. Tested at a later 
date, this patient was found to sweat in response to general warming, over 
the right face, neck and arm ; but sweating was absent from the eorres- 
ponding parts on the left side. On the trunk sweat iiig ended at the level 
of the 3rd dorsal spine behmd and at the 3rd left rib in front, except for a 
little moisture here and there in the 2nd interspace. The left ax^a was a 
little moist, and a narrow band of moist sldn extended down the inner side 
of the upper arm to, but not beyond, the elbow. 

On the 1st day after operation the vasodilatation in the left hand was 
maximal, the hand was red and hot ; its veins were dilated ; pulsation 
could be felt in all the fingers to the verj’ tips, capillary pulsation was 
brilliant in aU the finger tips. Immersed in water at 15° to 18° for 10 or 
more min. the redness was unchanged, and on taking out the hand it was 
found stfil to be hot. It was impossible to cool it much bj'^ such immersion. 
So the bloodflow to the arm was arrested, after depleting the sldn of blood 
by holding it up,* and the arm cooled for 15 min.. On releasing the circulation 
reactive h 5 Trer£emia appeared throughout the hand, but its appearance was 
delayed on the backs of the fingers ; thej- were not clear for 30 sec.. 

On the 3rd day the hand was in much the same state, but pulsation 
could no longer be felt in the pads of the fingers, the hand had paled a little, 
and the size of the veins was a little less. By the 6th daj’’ the paling in the 
hand had increased. Tested on’both these daj^s, immersion at 18° failed 
to induce an attack ; but the same delay in the appearance of reactive 
hyperemia was noticed in the cooled hand. On the 14th day the hand was 
again paler and the pulsation in its fingers lessened, though the hand was 
continuously’^ warm and all finger tips still presented capillary pulsation. 
On this day, the hand being raised, the vessels were occluded and the hand 
then immersed at 16° for 10 min.. Release was followed bj' reactive 
hyperasmia ; but all the fingers failed to clear for 60 sec. ; the index finger 
remained fully cyanotic over its distal half for 5 min. and was not quite 
clear in 10 min.. Thus definite abnormality was demonstrated (repeated 
with same result on the 54th day), and especially abnormality of the 2nd 
finger, which the patient herself had regarded as her worst. 

Right sympathectomy was done on January’ the 2oth ; the cord was 
cut below the 3rd dorsal ganglion, and freed from all attachments as high 
as the inferior cervical ganglion ; its &ee end was stitched into the scalenus 
muscle. Rext day the hand was much redder, was warmer, the pads of the 
fingers pukated more and capillary pulsation was more distinct on the rio-ht 
than on the left side. The two hands were compared day by day and had 
come almost to equality by Rebruary the 7th, the 12th day after right 

» This should always be done in these tests. 
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sympathectomy. On the 12th day the right hand was immersed in water 
at 17° for 25 min., the circulation being arrested for the last 10 min. and 
then released. Reactive hypereemia invaded the fingers slowly, all the 
fingers being completely cyanosed at the 5th sec., the index finger being 
completely cyanosed in its length at the 10th sec., remaining without 
circulation at its tip for li min. (repeated vith the same result on 
33rd day). This abnormality was in harmony with the patient’s statement 
that the index fingers had always been the first to become discoloured and the 
last to recover. 

Questioned on June the 7th, her hands had shown no attaclrs. Her eyes 
were normal. On being heated, the trunk became wet to the level of the 
3rd ribs ; hands, arms and neck remained dry. But sweating was profuse 
on the central parts of her face. The patient stated that after her operation, 
but not before, her face alwa3'-s sweated profusety when she ate sour things, 
(compare Wilson, Clinical Science, 1936, 2, 273). 

Comment. The operations are to be regarded as complete sympathec- 
tomies of the hmbs, and preganglionic with the exception of such sldn of the 
axiUa and upper arm as may be regarded as supplied bj^ the 2nd and 3rd 
ganglia. Although no spontaneous attacks occurred afterwards, abnormal 
responses of tlie fingers of both hands were demonstrated, b}’^ immersing 
them in cold water, arresting and releasing the cii'culation, within 12 or 14 
da3’’s of operation. 

Observations seemed to show that the vasodilatation following operation 
declmed to reach stabilit3'^ about the 6th to 12th da5’^ after sympathectomy. 

Case 5. Raynaud’s disease ivithout nutritional changes. Excision of the 

2nd and ^rd left dorsal sym 2 )athetic ganglia ; right sympathetic cord divided 

beloiv 3rd dorsal ganglion. S^ibsequent slight abnormality shoxon. 

E.S., a married woman of 36 3’^ears, came under observation in March, 
1937. She stated that she had experienced attacks of numbness of the hands 
and feet since childhood, the toes becoming white, the fingers blue and later 
white. All her digits were affected. The discoloration would start at the 
tips of the fingers and spread to their bases. The attacks occurred on 
exposure in cold weather, but the3'^ were not invariabty affected under 
seemingly similarly conditions. Worry Avas said to induce attacks. Recovery 
in response to warmth made the hands red, and later they would become 
swollen. The feet had been very painful, but she had experienced no local 
sores or painful flaking of the sldn of her digits. The hands sometimes 
became discoloured quicldy wlien she used cold water for washing. Her 
face had irever been affected. She had not suffered from hjenratmia. Her 
mother suffered from similar but occasional attacks in her fingers. 

On examination the texture of the skin of her hands was quite normal, 
the nails were well formed, the sldn of the fingers normally mobile and 
presenting no trace of scar. The radial and ulnar pulses were normal. 



SAYNAVD'S DISEASE AED SYMPATHECTOMY. nfil 

Seen acrain in February, 193S, the condition of 
unchanced. After the left hand had been .conked in water at H for . nun., 
very distoct capillary pulsation could be .ceen in all Hie linper tips and palm 
E.vTOSure of the hands on the bedclothes in a ward at lb for an hour fndml 
to induce an attack. Immersion of the left hand in wafer at I r pa\e 
unusual duskiness of the fingers and back.s of the hand (tint Mil) m I- nun.. 
The bloodflow to the hand was arrested and the immersion eonlinned tor 
0 min., when the bloodflow was released. Kenetivo hyiierieinia spread very 
slowly beginning in the hand in 20 sec., sjireading to tlie 1st nml oth hiigens 
at 1 min., but leaving fingers 2, 3 and -1 jiersistently and fully eyannsed. 

Left svmpathcctomy, excision of the 2nd and .’rd dors.al gangli.a 
(confirmed histologically) was clone on February the Hlh. ’I'lie left h.antl 
was hot and drj* next morning, pulsation being felt oa.sily at the finger tips, 
and capillary pulsation being vivid in nil of tliein. On February the 12lh 
(4th daj’) the left hand was immersed in water at 17“, and the bark of the 
hand and fingers were more than norinnlly eyannsed (tint.s XII ami XI) in 
12 min.. After holding the arm up and arresting tlu* bloodflow it was 
re-immersed in the cold water for 10 min. and the bloodflow released, 'fhe 
reactive hyperamiia occurred slowly, all the fingers being fully eyano.sed to 
their bases at 10 sec. and the index finger failing to clear for b" see., (bi 
February the 18th (10th day) in the same test, tlie time was extended to 
85 sec., reduced on the 14th day to 30 .sec., and extended on the l.'^tli day to 
110 sec.. In these last tests it was particularly noted tliat finger.s 3 or 4 
were alwa 5 ’s the last to clear ; these two fingers according to the woman hml 
usually been the last to recover in spontaneous attacks. 

Right sympathectomy was done on March the 8tli, tlie cord being 
divided below the 3rd dorsal ganglion, stripped of all connection a.s high ns 
the inferior cervical ganglion, and sown into the scalenus muscle. Next 
day this hand was hotter and redder than the left, and dry. The sign.s of 
vasoeWatation became similar to those in the left in about 3 day.s. I’lic 
reactive hyperjemia test of the cooled hand, as described for the ot her hand 
was done on the 6th day, the finger tips were still fullv evanosed 30 .sec. 
after release and not completely clear till 70 sec. ; on the Sth dav recoverv 

took 90 sec. and on the 13th day 30 sec.. 

induced on March the 30th. It occurred symmetricnllv 
on the tn^ as high as the 4th rib or 3rd space in front, and as high ns the 
4th dorsal vertebra behind. The axiUa became a little moist and a little 
dampness was detected on the inner aspect of the upper half of each upper 
rm. The rest of the skin of arms, head and neck was quite dry. 

tomi^ofTbp'v^^ operations are to be regarded as complete sympathec- 

and 3rf except for the supply from the 2nd 

nd 3rd gangha. Although no spontaneous attacks occurred afterwards, 


abnormal responses of the fingers 
operation. 


were demonstrated within 4 or G days of 



332 


T, LEWIS. 


The remaining two cases, the first of very mild Raynaud’s disease and 
the last of retinitis pigmentosa are added as controls. In neither of these 
two cases could attacks of Raynaud’s phenomena be induced before 
operation ; in neither could they be induced, and in neither was it possible to 
demonstrate abnormality in the reaction of the digital vessels to cold, after 
operation. 

Case, 6. Mild Eaynaud's disease. Bilateral 'preganglionic sympatTiectomy. 

Inability to induce attaclis before, or to sJioio abnormality after operation. 

G.M., an unmarried woman of 49 years was first seen on January the 
1st, 1938. She gave a histor 3 ’- of cold hands and feet since childhood and of 
chilblains on hands and feet for a few years. For 10 years she had experienced 
attacks of discoloration and numbness of the fingers. The attacks occurred 
occasionally after going out of doors in cold weather or after bathing in 
summer time. She had never noticed any effect from excitement or 
nervousness. Her skin, including that of her hands, was declared to be 
unusually dry. All her fingers would be affected, though the thumbs 
unusuaU 3 ^ The discoloration, first blanching and later blueness, would 
start at the tips and spread sometimes as far as their bases. Warmth and 
rubbing would bring recover}'- -with a feeling of pins and needles. There had 
never been any sore places on her fingers. Her feet were affected in the 
same way, but less severe^. Her face was imaffected ; no history of 
hsematuria. Her father’s fingers became white and numb in cold weather. 

On examination the skin of the fingers and the nails were quite normal in 
appearance, the fingers could be flexed fuUy. Her hands were always cold 
and dry when exposed to the air of the ward (temp. 18°). The pulses at the 
wrists were normal. Though watched for 10 days in cold weather, no attacks 
of discoloured fingers were seen, and attempts to induce them failed. 
Immersing a hand at 18° for 30 min., including 10 min. of arrested bloodflow, 
failed to close the vessels ; releasmg the bloodflow, the fingers coloured to 
their tips within a few seconds. 

On January the 11th the right sympathetic cord was divided by excising 
the 2nd dorsal ganglion. The corresponding hand afterwards showed 
vasodilatation, being warm and quite dry, and pulsation being felt easily 
in its vessels and capillary pulsation being vivid m the finger tips. This 
hand became paler, cooler, and its pulsation less during the next week. 
Tested on the 9th and 27th day, no attack of discoloration could be induced 
in it. 

On February the 1st the left sympathectic trunk was divided by 
excising the 3rd dorsal ganglion, the cord above being cleared as high as the 
inferior cervical ganglion and stitched into the scalenus muscle. Next day 
tliis hand was redder and hotter than the right, and palpable and visible 
pulsation in it were grea-ter. Homer’s syndrome was not present. The 
two hands were compared daily and seemed to be equal in condition for the 
first time on the 6th day following the left sympathectomy. 



JiiyWUB'S mBASE AND SYMPAfllKCmiir. 

After cooling tlie hand (right on 27th. loft on r.lh 
xnin and arresting the circulation to the anna for the ln>.t 1« nnn . th. 
of reactive hj-per^ima invaded the nngors to their m . to - .. 

Case 7. Sijmpathcctic gmrgUoncclomu for mghi hliiulnr.^-^ win mirnu.iuh 

man. Subsequent inabUiUj io induce atlnrh'!. 

SR a man of 26 years, always warm-handed, sunered fnun lelini i| 
pigmentosa. For this condition the right middle and inferior i-rvir.al 
oangha. with the 2nd and 3rd dorsal ganglia were excised in d.animrv . 1 - . . . 

^ Examined in February, 1638, ho was seen to have Honier s syndoun-' 
on the right side. His hands were equally warm, hut the nght was nr%, 
while the left was moist. Ho stated that the right hand was colder than Urn 
left in cold weather. His hands were soaked in water at. 17" for l.'i niin.. 
when the risht hand was seen to he distinctly paler and jiinker than the h-ft. 
Both handsVere held aloft, the hloodflow to the nrm.s was .-,t<.piv.d. nml the 
hands were re-iinmersed. After 10 min. of nrrc.'jtod How tlie eireiilntion nn"* 
released. The lingers of the right (synipathcctomhcd .siile) were rjiiite clc.ar 
in 12 sec., those of the left side were clear in 30 see.. 'J lie rigiit hand wanned 
up quicker than the left. 

In using this case as a control to the reactive hyper.-emiri te«t n‘-c<l in 
other patients, it is to be noticed that the (itnc taken for hy|)or.n'ini.a to 
pervade the sympathectomised cooled hand, 12 sec., i.s much les'i than that 
taken for it to pervade the normal cooled hand ; and that the time in the 
former is conspicuously less than usual in patients •{ or b in which ihi<i satne 
test is relied on to display abnormality in tbe .syinjialiiccloini'-'cd band. 
The fact that this control was one of long standing gnnglioneetomy and imi 
preganglionic section, does not lessen the strength of the argument. 

Discimhn. 

The main observations of this paper are summed up in tlic aeconipanving 
table, in which six cases oF so-called “Raynaud s di.'^enso ” are arranged in 
order of decreasing severity. In Case 1, nutritional changc.s wero ohviotis 
in the fingers. In Case 2, a small lesion liad occurred on a finger that had 
been injured. In Cases 3, 4, 5 and G there were no nutritional change.^ ; 
in Cases 3 and 4 attaclrs were frequent in cold weather and could be induccii 
ea^y by immersing tbe bands in cold water. In Ca.se 3 att.-ick.s were verv 
diihc^t to mduce, and only by cooling with the hloodflow to the hand 
arrested. In Case 6 attacks could not bo induced either by simple immorrion 

or by immersion and arrested hloodflow. nuer. i m 

of these same cases after sympalhecloinv it i.s first to bo 
wetSit fetly following operation! the oflects of Ibo ment 

present bSo n;; k discoloration had been 

is not maintained in^eso r 

tamed in these preganghomc operations, the declind occurring 
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In all these the cord was stripped up to the inferior corv. ganglion, dividing all branehos, and sown in tho scalenus. 
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eradually over a period of about a vcck (acc Cases 3, -1, .. and G, and compare 
Telford’s statement (S)). Despite this change, the benefit rernams obvious. 
Thus, the surgical treatment of the series vas unquestionably a .siueo,. 
tius result is attributable however to the removal of normal, and not abnormal, 
Tasomotor nervous tone. That this is the correct interpret. at ion is clc.'irly 
established for the scries by comparing the reactions before and allcr 


treatment. , 

Despite conspicuous improvement, spontaneous attacks occuitccI, or 

attacks were induced without difficulty, in the first three cases. In the 
remaining cases attacks of persistent spasm were not induced, even though 
cooling was accompanied by temporary arrest of the bloodflow. But in 
Cases 4 and 5 evidence was obtained that, under the more thorougli cooling 
of arrested bloodflow, the vessels entered a state of spasm, resistant for a 
longer or shorter time to reactive hypcraimia. In only one case (Case G) 
could no abnormality be displayed after operation, but in this case no attacks 
could be induced before operation.* 

Briefly the cases form a series in the degree of their abnormality before 
s 5 Tnpathectomy ; they form a series of similar order in the degree of 
abnormality after sympathectomy. Sympathectomy has lowered the 
whole scale of abnormality without appreciably clianging the relative 
positions of the members of the series. Now this is just the result to be 
expected if the eflect of sj^mpathectomy is the withdrawal of normal sym- 
pathetic tone. It is not the result to be e.xpcctcd if the Raynaud’s 
phenomenon is due to unnaturally exalted sympathetic tone ; for whether 
the exaltation of tone were great or small originally, it should be removed 
entirely by sympathectomy, and all the cases should subsequently be reduced 
to the same state. This does not happen, and we arc forced to conclude that 
the morbid factor in these cases is not abnormal vasomotor nervous tone, 
but a local abnormality. In the most severe case or cases of tho series this 
local fault may be largely, if not wholly, obliterative vascular disease. In 
the least severe cases the fault cannot.be so regarded, for as recorded in the 
article (4) which precedes the present one, cases of such mild type exhibit 
little or no more vascular disease than do warm-handed subjects of the same 
ages. It was in my first paper (1929) that the argument was first used tbat, 
since Raynaud s malady is not necessarily cured by brealung the sympathetic 
paths, it cannot be due to abnormal sympathetic tone. To this it has some- 
times been replied that the cases of Raynaud’s maladj^ then cited from this 
point of -new were severe cases. They were no more severe than cases 
desenbed by Raynaud himseK and regarded by Mm as the immediate result 
o a norma sympathetic tone ; that the more severe cases are proving to 
have Mgital arterial disease is consistent with my views but not uith his. 
u e present series of patients definitely extends the evidence of the non- 
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curative efiFect of sympatliectomy (and this preganglionic) to cases in wliich 
structural change in the digital arteries cannot reasonably be regarded as 
determining attacks. 

Thus we are brought to reiterate the conclusion, so far as the pathogeny 
of so-called “ Raynaud’s disease ” has been explored, that the vasomotor 
nerves are not at fault, but that the fault is a local one. While in some 
cases this fault may be in the form of structural change, in others it appears to 
be different (Cases 3, 4 and 5 are of particular significance from this point 
of view) ; possibly in these the apparently increased susceptibility of the 
vessels to cold is due to sensitisation of the vessels by some circulatory 
hormone ; possibly it results from some other local influence. 

Summary akd couclusioxs. 

1. Six unselected cases of “ Raynaud’s disease ” have been examined 
shortly after preganglionic sympathectomy. In three of these, attacks of 
discoloration of the fingers occurred spontaneously or were induced within 
a few days of operation. In one of these three cases the fingers presented 
nutritional changes ; in another of the three there was no trace of such 
changes. Of the remaining three cases, in only two could attacks be induced 
before operation (and in one of these with difdculty) ; in these two 
abnormality in the reaction of the fingers to cold could be shown after 
operation. 

2. Preganglionic sympathectomy does not briug the fingers of these 
cases to a common state ; it relieves in aU cases, but a local abnormality 
remains, and this can be displayed in a measure that is related to the 
abnormality displayed before operation. 

3. The attacks in these cases of “ Raynaud’s disease ” are not due 
primarily, as Raynaud thought, to excessive action of the vasomotor nervous 
apparatus. They are due primarily to a local fault ; this may consist of 
occlusive structural disease, or it may not. In the latter case the digital 
vessels appear to present increased susceptibilitj’- to cold, the reason for 
which still remains obscure. 

4. The full vasodilatation resulting &om pregangfionic sympathectomy, 
declines during a period of about a week following operation. 

REFERENCES. 

(1) DAiiE AKD Richakds. J. Phvsiol., 191S-19, 52, 110. 

(2) Frbe>iaj<, Smethwick ai?d White. Amer. J. Physiol., 1934, 107, 529. 

(3) GRASir. Clinical Science, 1935, 2, 1. 

(4) Lewis. Clinical Science, 1937-3S, 3, 2S7. 

(5) Lewis and L.4.ndis. Heart, 1930, 15, p. 162 and 16S. 

(6) Smethwick. Ann, Surg., 1936, 104, 339. 

(7) Smethwick, Freemen and White. Arch. Surg., 1934, 29, 759. 

(8) Telford. Brit. J. Surg., 1935-6, 23, 448 and Lancet, 1938, 1, 70. 

(9) White. “ The autonomic nervous Sj-stem ” etc. New York, 1935. 

(10) White. J. Amer. Med. Ass., 1936, 107, 350. 



THE BIECHANISM OE LOCAL SWEATING IN RESPONSE TO 

EARAEISM.* 

By R. G. BICKEORD. 

{Department of Clinical Eesearch, University College Hospital Iledical 

School). 


Dtteing experiments in this laboratory in Trhich a faradic stimulus "vras used 
to produce hj^eralgesia of the skin, I frequently observed that beads of 
sweat appeared widely surrounding the eleetrodes. The extent of the 
sweating area seemed to preclude the possibility that the effect was a direct 
one of the current on the sweat glands. Nevertheless, the fact that the 
sweating was always in direct relation to the electrodes suggested a local 
mechanism rather than a generah'sed sweat response which is known to follow 
a painful stimulus. This local faradic sweating seemed suitable for 
investigation along lines similar to those used by Lem’s and Marvin for 
goose skin (2). 


Method. 

The extent of the sweating area has been indicated by the method of 
Slinor (3). A mixture consisting of alcohol 90 c.c., castor oil 10 c.c. and 
iodine 1-5 g. is painted widely on the skin. When it has dried, finely powdered 
starch is blown over the painted area with an atomiser. Where sweating 
occurs the starch and iodine are brought into aqueous solution and the 
familiar dark blue coloration results. The area is photographed through a 
yellow filter for permanent record. (Fig. 1). 

The extent of the sweating area produced by a faradic stimulus varies 
with the current strength enployed. A very painful stimulus (Du Bois 
coil secondary 6-2 cm., 4 volt battery) continued for 2 minutes will produce 
an area of perceptible sweating, about 8 cm. X 3 cm.. Sweating first appears 
about 4 a minute after the electrodes are laid on the skin. It occurs most 
intensely in their proximity, while the outljdng parts show as scattered sweat 
pores. Faradic sweating can be obtained on all parts of the body, but the 
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outside of the forearm shows the reaction most distinctly. This part has 
accordingly been used in the majority of these experiments. 

Nervous mechanism involved. 

The participation of a nervous mechanism in faradic sweating may be 
proved by ai^plying a strong faradic stimulus to a small amesthetic area 
produced by the intra-cutaneous injection of 0-1 c.c. 2% novocaine. No 
sweating occurs in the surroundmg normal skm, showing that the nervous 
pathways have been blocked by the novocaine. Normal sweating occurs 
when a stimulus is applied over a similar injection of saline and also on the 
re-apphcation of the stimulus to the novocaine area after its sensation has 
recovered. 

Patliivay involved. The nervous pathway between the stimulating 
electrodes and the sweat glands might be conceived as bemg purely local in 
the skin, or involving nerves to and from the spmal cord. In the latter 
case no faradic sweating should be obtained when the central pathways 
mediating sweating are blocked. 

Two adjacent nerves supplying areas of contiguous forearm sldn are 
auEesthetised by the injection of 1 c.c. 2% novocaine in each one after 
localisation b}’^ a weak faradic stimulus. This arm is now painted with 
indicator, while the opposite arm is immersed in hot water. The whole 
body surface sweats except the auEesthetic area produced b}’’ nerve 
anEesthetisation (Fig. 3), showmg that the central sweat pathways have 
been blocked in this region. Tlie application of a faradic stimulus to the 
middle of this sweat free area now produces the usual sweat response, showing 
clearly that this is a local mechanism. 

In accordance with this idea it is found that faradic sweatmg may be 
obtained on areas rendered auEfisthetic by actual nerve section, always 
providing that the nerves have not had time to degenerate. The experiment 
may be conveniently performed on areas of cutaneous anresthesia produced 
foUoving the operation of nephrectomy, in which section of a cutaneous 
nerve in the sldn incision is frequent, Witliin 12 hours of the operation a 
faradic stimulus put dow in the middle of such an area produces a normal 
sweat response. This area and a control in the opposite lorn are retested 
from day to day vith the same stimulus. By the 3rd day sweating on the 
anEesthetic area has become less extensive and intense. A few scattered 
glands only respond by the Gth day and no response is afterwards obtained, 
while control skin gives full sweating. Degeneration of the local sweat 
nerves has thus become complete by the Gth or 7th day. 

Type of local nerve mechanism. The uniform and extensive area of 
sweating produced by a faradic stimulus might suggest that it spreads 
tlirough some kind of closely anastomosing nerve network. Yet this is not 
so because a novocaine barrier (0-2 c.c. 2% novocame intercutaneously) 
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placed ill proximity to the electrodes abolishes a segment from tlie sweating 
area (Fig. 2). This result is very similar to that obtained by Lewis niul 
Marvin for goose sldii (2). It suggests that the nerves are arranged in a 
plexiform manner rather than a network. Several iilexiform systems of 
nerves are knoini to exist in the skin; but the fact tliat the local sweat 
reaction disappears after sympathectomy shows that this reaction is mediated 
through nerves of the sympathetic system. 

Siccaling after symjjatJicclonuj. The experiment has been performed 
on a case of unilateral sympathcctoni}- (ganglionectomy) for retinitis pig- 
mentosa. Two years had elapsed since operation. A faradic stimulus of 
sufficient intensity to produce widespread local sweating is laid down on the 
normal arm. A precisel 3 ’ similar stimulus applied to the s^'inpathectomiscd 
arm produces no sweating. 

Effect of atropine on the local reaction. It has long been known that 
sweating in man, although mediated through sympathetic nerves, can be 
abolished by atropine which is usually held to paralyse paras 5 -mpathetic 
nerves only. This seeming discrepancy has been recently cleared up bj^ the 
work of Dale and Feldberg (1), who have shomi that the sweat nerves are in 
the cat cholinergic in function, liberating acetjd choline at their peripheral 
endings. The nerves responsible for local faradic sweating in man likewise 
appear to be cholinergic in function since no sweating is obtained from an 
adequate stimidus in an atropinised subject (Fig. 4). 

This is in contrast to its effect on the goose skin produced by^ faradism 
which remains unaffected. It was shown by Lewis and Marvin (2) that the 
goose skin response to faradism was produced through a sympathetic plexus 
of nerves. It is clear however, that a separate system of nerves is involved 
in the two cases for they differ not onty in their response to atropine, but also 
in their spacial distribution. Although in general they are both distributed 
around the electrodes, large isolated patches of goose skin are often seen 
without any attendant sweating, and vice versa. 

Hyperalgesia and the vascular flare following a faradic stimulus hkewise 
tend to be fairly uniformly distributed aroimd the electrodes, but their 
outline does not coincide exactly with that of sweating. 


Comment. 

From the clinical aspect the main interest of these experiments is that 
thej’ demonstrate the existence of a local sweat mechanism in the skin. 
I have frequently observed sweating surroimding ulcers of the skin, and 
sweating of a single finger also occurs with a terminal whitlow. Such 
instances of local sweating are probably produced through the local 
mechanism described. 
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CONCLTJSIOIT. 

Sweating can be produced by direct stimulation of tbe sweat nerves 
in tbe skin ; tbe impulses pass tbrougb axons of a local sympathetic plexus. 
These axons appear to be cholinergic in function. 
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Fig. 1. Local faradic sweating T\'ith stimulating electrode in place. 

Fig. 2. Efiect of novocaine barrier. The full area of sweating, and tlie barrier, are outlined. 



Fig. 3. Sweat free area outlined following ansesthetisation of forearm ner\’’es and 
Local faradic response shown in middle of this area. 
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Fig. 4. Effect of subcutaneous atropine g. 1/60. (a) before atropine, (6) 20 min,, (c) 35 min-, 

(d) 00 min., after atropine respectively. 




ACUTE ARTERIAL LESIONS IN RABBITS WITH EXPEREMENTAL 
RENAL HYPERTENSION.* 


By C. WILSON and G. W. PICKERING. 

{Medical Umi, London Hospilal, and Department of Clinical Research, 

University College Hospital). 


The importance of acute arterial lesions in the post-mortem differentiation 
of tlie malignant and benign forms of essential h 5 -pertension is now well 
recognised but the pathogenesis of these changes remains obscure. This 
paper describes the occurrence of acute arterial lesions in rabbits with 
experimental renal hypertension,! an observation which enables us to study 
experimentally some of the factors involved in their causation. 

Methods. 

Hypertension was produced in adult female brown rabbits by removing 
or destroying one kidney and constricting the other renal artery with a 
silver clamp ; or alternatively by constricting both renal arteries. Details 
of this method which is essentially that of Goldblatt and his colleagues (2) 
are to be presented in a paper by one of us and Dr. M. Prinzmetal and this 
histological study was made on tissues from the experimental animals there 
described. Arterial pressures in these animals were measured on the central 
artery of the ear. The various tissues examined were fixed in saHne formalde- 
hyde and the sections stained with Ehrlich’s hEematoxylin and eosin, Weigert’s 
fuchselin stain for elastic tissue, and Weigert’s hasmatoxylin and Van 
Gieson’s stain, 3 to 6 sections of each tissue being examined. 

, Results. 

1. Changes in the kidneys. 

In rabbits in which one renal artery was constricted, the opposite kidney 
having been removed or destroyed, the remaining kidney was hyp)ertrophied 


* done on beJialf of the IMedical Besearch Council. Communicated to the Medical 

Researcli Society, February, 1938. 

f. Since this paper was written Goldblatt (J. exper. 3Ied., 1938, 67, 809) has published 
extensive observations on acute arterial lesions in dogs with experimental hypertension. Our 
findings closely resemble liis, but he considers renal insufficiency to plav a part in producing 
the lesions. 
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and appeared normal histologically. In rabbits in which both renal arteries 
had been constricted, one kidney was small and the other enlarged. The 
smaller kidney, which had sometimes undergone partial infarction, always 
showed fibrosis and tubular atrophj^ ; most of the glomeruli were normal, 
but many showed acute or chronic destructive lesions. The larger kidney 
appeared histologically normal except in rabbit 116 where very occasional 
glomeruli were pale and swollen with loss of structural detail. 

2 . Arterial changes. 

(а) Arteriosclerosis. It is loioum that so-called arteriosclerosis occurs 
spontaneously in the rabbit. Changes of this type were observed in one 
rabbit (116) and were found in the larger arteries of kidney, myocardium and 
lungs, the lesions consisting of intimal fibrosis with splitting and reduplication 
of the elastica interna ; the aorta showed atheromatous changes to the naked 
ej^e and histologicallj'^ medial calcification was present. These lesions of 
the larger arteries are mentioned to avoid confusion vdth the acute lesions 
of the smaller arteries described below. 

(б) Ac^de arterial lesions. The occurrence and distribution of acute 
arterial lesions in the tissues of 11 rabbits with hj^pertension and of 9 normal 
rabbits are summarised in the accompanj'^rng Table 1. The lesions were 
found in none of the tissues of the control animals. In the rabbits with 
hypertension the severity and extent of the- lesions seemed to be closely 
related to the degree of hypertension. Thus the most hitense lesions 
were found in rabbits 39, 48, 54 and 116, in which the blood pressure 
attained the level of 130 mm. Hg or more. No acxite vascular lesions were 
found in 5 rabbits and in 4 of these the pressure did not significantly rise 
above 105 mm. Hg. When present, the arterial changes were most severe 
and most frequent in the intestine ; they were present in occasional vessels 
in the stomach, suprarenal, liver, myocardium and eye. No lesions were 
discovered in the skin or striated muscle ; nor were arterial lesions found 
in the Iddney of which the renal artery had been constricted except in 
rabbit 54, in which both renal arteries had been constricted. In this rabbit 
occasional arteriolar necroses were found close to the areas of infarction in 
the smaller kidney. 

The acute arterial lesions found in the rabbits vdth severe hypertension 
are of two lands, namely acute necrosis and cellular intimal thickening. 
The most constant feature of acute necrosis is the appearance in the vessel 
walls of amorphous (so-called fibrinoid) material which stains purplish red 
with hsematoxylin and eosin (Fig. 1). In the smallest arteries and arterioles 
the whole structure of the wall may be destroyed and replaced by this 
substance which frequently extends into the perivascular tissue (Fig. 2). 
In larger arteries fibrinoid necrosis usually affects both intima and media 
but may be found in the intima or media alone (Figs 3-5). When the 
intima is affected it becomes swollen with fibrinoid material which separates 
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the endothelium from the elastica interna -with great stretching and 
fragmentation of the latter ; the lumen becomes greatly narrowed and 
sometimes ohhterated. When the media is involved, muscle nuclei are 
destroyed and fragmented and the cells largely replaced by fibrinoid material. 
Plasma cells, eosinophil leucocytes and occasionally polymorphonuclear 
leucocytes may form a “ periarterial granuloma ” partly replacing the 
adventitia and media (Fig. 4). In occasional vessels red blood corpuscles 
are found in the media. These changes produce great thickening of the 
arterial walls ; although in smaller vessels this produces narrowing of the 
lumen, in some arteries of large cahbre the elastica interna becomes stretched 
and the vessel appears dilated. 

The second type of lesion, cellular intimal thickening, was found together 
with the acute necrotic lesions in 4 rabbits, and was present in the intestine, 
liver and heart muscle. In the elastic tissue stain (Figs 6 and 7), the elastica 
interna is seen to he intact but apparently stretched. The media often 
appears normal, but between the elastica interna and the endothelium there 
is a zone of cellular connective tissue which may cause great narrowing of the 
lumen. The elastic stripe of the intima is often hyperplastic in these vessels, 
producing a ring of elastic tissue immediately external to the endothelium. 
It is possible that this cellular intimal thickening is produced by organisation 
of the acute fibrinoid necrosis described above. 

The diameter of the vessels affected by these lesions ranged from 40 to 
250 /X, but in view of the great thickening of the wall and dilatation of the 
lumen, it is probable that the corresponding vessels in normal rabbits are 
of smaller dimensions. 


Details of post-mortem findings. 

Rabbit 39. 

Before operation the blood pressure varied from 77 to 84 mm. mercury. The right kidney 
was removed on 15.1.37 and the left renal artery constricted on 8.2.37. Tlie blood pressure was 
103 mm. Hg on 17.2.37, 120 mm, on 3.3.37, 134 on 2,4.37, 153 on 7.4.37, 161 on 10.5.37, and from 
then until death on 9.6.37 remained over 140 mm. Hg. 

Autopsy. Numerous petecheal hiEmoirhages throughout the length of the gut, and in the 
mj’ocardium ; hasmopericardium ; large retroperitoneal hjemorrhage extending from left kidney 
to left common iliac vessels. Left kidney enlarged but otherwise normal in appearance ; right 
kidney absent. Heart enlarged, particularly left ventricle. Aorta normal. 

Microscopic findings. 

Left kidney. Glomeruli appear normal ; tubules show no changes apart from albtiminous 
degeneration which is considerable in some areas ; no increase in interstitial tissue ; vessels quite 
prominent in intermediate zone, but no arterial lesions detected. Small intestine. Very nmnerous 
small arteries and arterioles in submucosa show acute fibrinoid necrosis with great swelling of 
their walls, narrowing of the liunen and exudation of fibrinoid material into the surrounding tissue. 
In the small arteries, the typical lesion is acute fibrinoid necrosis of the media without any intimal 
change. Suprarenals. Focal hremorrhages in cortex. Fibrinoid necrosis of occasional arterioles. 
Myoca^iiwi, Focal interstitial htemorrhage. Fibrinoid necrosis of several arterioles with 
extei^ion of fibrinoid material into surrounding tissue. Stomach, liver, stHaied musde, skin, 
notliing abnormal. Spleen : hj'alinisation of many arterioles similar to changes present in 
spleens of normal rabbits. 

Sinnmary. In tliis animal with a severe degree of hypertension acute fibrinoid necrosis, 
chiefly affecting the media, was found in most of the arterioles and small arteries of the small 
intestine and in a few arterioles in the suprarenals and myocardium. 
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Rabbit 48. 

Before operation the blood pressure ranged from 74 to 83 ram. Hg. The right ureter rras 
tied on the 26.1.37 and the left renal arterj’- constricted on 16.2.37. Tlie blood pressure increased 
to 02 mm.Hg on 17.2.37 and thereafter rose gradually to 106 on 1.3.37, 130 on 9.4.37 and 146 
on 27.4.37. The animal died on 28.4.37. 

Autopsy. Numerous subcutaneous and intramuscular hiemorrhages, some verj^ large. 
Numerous small htemorrhages in largo intestine, particularly terminal part u-here the lumen 
contains much blood. Heart enlarged, especially left ventricle. Right kidney a hj-dronephrotic 
sac. Left slightly enlarged but normal in appearance. Aorta normal. 

Microscopic findings. 

Left kidney. Ehstologicallj' normal except for slight albuminous degeneration of the tubular ' 
epithelium. Large intestine. Very numerous small arteries in submucosa show acute fibrinoid 
necrosis. The vessels are dilated and their waUs thickened. The elastic stain shows stretching 
and fragmentation of the elastica interna with deposition of amorphous material (taking the 
purplish stain of fibrin with htematoxylin and eosin) between elastica and endothelium. Necrosis 
of the media with deposition of fibrinoid material and red blood cells between the muscle 
nuclei. One portion of large intestine shows extensive hremorrhage into the submucosa and 
mucosa. Small intestine. Verj' similar lesions in arterioles of submucosa but rather less frequent. 
Sto)nach. Several small arterioles show fibrinoid necrosis of their walls with obliteration of 
the lumen. Myocardium. Two arterioles show acute fibrinoid necrosis. One small artery 
shows conspicuous cellular intimal swelling inside a greatly stretched and fragmented elastica 
interna. Beima. Several arterioles show acute fibrinoid necrosis with great swelling of the wall. 
Red blood cells present within the wall of one arteriole. Liver. Several arterioles show cellular 
intimal thickening between elastica and endothelium. Suprarenal, striated muscle, skin, ovary, 
spleen. No acute arterial lesions detected. 

Summary. In this animal with a severe luTDertension acute arterial lesions were found in 
small and large intestine, stomach, liver, myocardium and retina. Both acute fibrinoid necrosis 
and cellular intimal thickening were present. 

Rabbit 64. 

Before operation the blood pressure averaged 67 mm. Hg. Tlie right renal artery was 
constricted on 30.7.37 and the left on 1 1.8.37. The blood pressure rose to 82 mm. Hg on 12.8.37, 
102 on 9.9.37, 129 on 21.9.37, and 137 mm. Hg on 9.10.37. On 11. 10.37 the animal was 
killed. 

Autopsy. Enlargement of the heart, particularly of the left ventricle ; a small scarred right 
kidney and an enlarged but otherwise normal left kidne 5 '. No hcemorrhages seen. 

Microscopic fundings. 

Left kidney. Histologically normal except for albuminous degeneration of tubular epitheliiun. 
Right kidney. Reduced in size ; difiEuse, moderately ceUular fibrosis ; several areas of old 
infarction in cortex with complete destruction of renal elements ; elsewhere tubules atrophied, 
glomeruli reduced in number and mostly normal in appearance except adjoining areas of infarction, 
where occasional glomeruli show acute and chronic destructive lesions. Tlie acute glomerular 
lesions ver 3 ’’ occasionally associated with acute necrosis of afferent arterioles. Otherwise arteries 
appear normal. Large intestine. Numerous small arteries show acute fibrinoid necrosis. Others 
show ceUular intimal thickening with hj-pertrophy of elastic stripe of intima. Stnall intestme. 
Very numerous small arteries and arterioles show acute lesions siinilar to those in large intestine. 
Liver. One group of small arteries show cellular intimal thickening internal to the intact elastica 
interna. Suprarenal. One arteriole in medulla shows fibrinoid necrosis. Skin, voluntary 
nntscle, brain, stomach, spleen. No acute vascular lesions seen. 

Stnnmary. In this rabbit with a severe hypertension acute arterial lesions were found m 
small and large intestine, liver and suprarenal. Two tj-pes of lesion were present, acute fibrinoid 
necrosis and cellular thickening of the intima. 

Rabbit 116. 

The arterial pressure before operation varied from 72 to 78 mm. Hg. On 17.8.37 the right 
renal arterj’- was constricted -without increase in the arterial pressure. On 20.9.37 the left renal 
artery was constricted. Tlie arterial pressure rose to 100 mm. Hg on 2,12.37 and to 128 on 21.1.38, 
remaining between 120 and 133 until 23.2.38 when the animal was killed. 

Autopsy. Left kidney small and calcareous ; right kidnej' enlarged but otherwise normal. 
Heart hj-pertrophied. Aorta tliick and inelastic, atheromatous ulceration present. 
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Microscopic findings. 

night kidney. Intimal fibrosis with elastic redupfiention in larger arteries (elnstosis). Left 
kidney. Difiuse fibrosis with great tubular atrophy. 3Inny glomeruli normal, others sliow all 
stages from acute fibrinoid necrosis to complete hynlinisation. A few larger vessels show 
elnstosis. Small intestine. Many small arteries show advanced cellular intimal thickening with 
obliteration of lumen. Large intestine. Both cellular intimal thickening and acute fibrinoid 
necrosis present, most small arteries being affected. Stomach. Similar acute arterial changes 
to those in intestine but less severe. Myocardium. Intimal fibrosis of medium sized arteries 
with reduplication and splitting of elnstica interna (elnstosis). Lung. Pronounced elastosis 
of large and medium sized arteries. Aorta. Atheromatous changes with medial calcification 
Liver, suprarenal, thyroid, eye. No acute arterial lesions seen. 

Summary. In this rabbit with moderately severe hj-pertension acute arterial lesions were 
present in small and large intestine and stomach. Both acute necrosis and cellular intimal 
thickening were present. 

Rabbit 138. 

Before operation the arterial pressure varied from 75 to 79 mm. Hg. The right renal arterj* 
was clamped on 27.11.37 and the left on 1.12.37. Tlie arterial pressure was 84 mm. Hg on 8.12.37, 
102 mm. on 21.12.37, 123 mm. on 21.1.38 and remained between 114 and 134 mm. until the 
animal was killed on 4.4.38. 

Autopsy. Simple atrophy of left Iddney and enlargement of right kidney. Heart 
hj'pertrophied. 

Microscopic findings. 

Sight kidney. No histological abnormality. Left kidney. Difiuse fibrosis and tubular 
atrophy. ' Glomeruli crowded together in cortex but normal in appearance. No vascular lesions 
seen. Suprarenale. Acute necrosis in a small number of cortical arterioles. Liver. Cellular 
intimal thickening of occasional hepatic arterioles. Small and large intestine, stomach, eye, spleen, 
skin, myocardium and skeletal muscle. No vascular lesions seen. 

Summary. In this rabbit with a moderate degree of hypertension oecasional acute arterial 
lesions were present in the suprarenal and liver. Both acute necrosis and cellular intimal 
thickening were present. 

Rabbit 38. 

Arterial pressure before operation 64 to 75 mm. Hg. On 16.1.37, the right renal artery was 
ligated ; on 8.2.37 the left renal artery was constricted. The arterial pressure rose to 84 mm. Hg. 
on 17.2.37, 109 mm. on 7.4.37 and remained between 85 and 108 mm. until 5.7.37 when the 
left renal artery was again constricted. Tlie arterial pressure rose to 112 mm. on 15.7.37 and 
remained between 103 and 118 mm. until the animal was killed on 26.7.37. 

Autopsy. Bight kidney, a calcareous mess. Left kidney enlarged but otherwise normal 
in appearance. Heart hypertrophied. Aorta normal. 

Microscopic Findings. 

Small intestine. Several arteries show intense necrosis of media, with periarterial cellular 
reaction and very cellular thickening of intima writh gross narrowing of lumen. Large intestine, 
liver, suprarenal, myocardium and retina. No arterial lesions found. 

Summary. In this rabbit with a moderate degree of hypertension, acute arterial lesions 
of considerable severity were found in the small intestine only. 

Babbit 22. 

Before operation the arterial pressure varied from 72 to 90 mm. Hg. After clamping the 
left renal artery on 23.5.36 the blood pressure varied from 72 to 92 mm. and on 22.6.36 the right 
renal artery was clamped. The arterial pressure remained unchanged for 3 months but on 
3.11.36 it had risen to 105 mm.. Tlie highest arterial pressure, 144 mm. Hg, was recorded on 
6.4.3 i . Brom this time until the animal was k illed on 4,4.38 the arterial pressure was between 
120 and 135 mm. Hg. 

Autopsy. Left kidney atrophied, right enlarged. Heart hypertrophied. 

Microscopic findings. 

Left kidney. Very dense fibrosis with tubular dilatation. Glomeruli crowded together but 
liistologically normal. No vascular lesions seen. Sight Icidney. No histological abnormality. 
Small and large intestine, stomach, spleen, pancreas, suprarenal, ovary, myocardium, skeletal muscle, 
skin and subcutaneous tissue, retina. No vascular lesions found. 
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Rabbit 44. 

Tlio arterial pressure before operation averaged 78 mm. Hg. The right renal artery -was 
ligated on 26.1.37 and the left constricted on 15.2.37. The arterial pressure rose to 94 mm. on 
17.2.37 and 111 mm. on 22.3.37 and remained between 95 and 120 until 14.6.37 when the left 
renal artery was again constricted. The arterial pressure remained between 90 and 100 until 
the animal was killed on 3.8.37. 

Autopsy, Right Iddney verj' small and calcareous. Left kidney enlarged. Heart hj'pertrophied. 
Microscopic findings. 

The foUoiving tissues were examined ; — 

Small and large intestine, stomach, retina and aorta. No acute arterial lesions were found. 
Rabbit 126. 

The arterial pressure before operation varied from 82 to 88 mm. Hg. On 17.9.37 the right 
renal artery was clamped, the arterial pressure thereafter varying between 88 and 102 mm. Hg. 
The left renal artery was clamped on 1.11.37 and from 3.11.37 till 23.3.38, when the animal was 
kilted, the arterial pressure lay between 100 and 115 mm. Hg. 

Autopsy. Right Iddney atrophied. Left kidney enlarged. Heart hj'pertrophied. Aorta 
normal. 

Microscopic findings. 

Bight kidney. Diffuse fibrosis, large area of old infarction, glomeruli otherwise normal ; 
no VBScular lesions seen. Left kidney. No histological abnormality. Large and small intestine, 
stomach, liver, spleen, pancreas, myocardium, skeletal muscle. No vascular lesions found. 

Rabbit 41. 

The arterial pressure averaged 75 mm. Hg before operation. Right Iddney removed on 
16.1.37, left renal arterj' constricted on 8.2.37. On 23.2.37 the arterial pressure was 94 mm. and 
thereafter remained between 94 and 104 mm.. Tlie animal was killed on 2.8.37. 

Microscopic findings. 

Small and large intestine, suprarenal, myocardium, retina, and aorta examined. No acute 
arterial lesions found. 

Rabbit 115. 

Before operation the arterial pressure ranged from 62 to 68 mm. Hg. Tlie right renal 
artery was constricted on 17.8.37 and the left on 30.8.37. The arterial pressure rose to 80 mm. Hg 
on 1.9.37, 90 on 8.9.37, and from 11.10.37 until death on 10.1.38 remained between 92 and 114 
mm. Hg. 

Autopsy. Animal verj' thin. Numerous tubercles scattered throughout large and small 
intestine, particularly in appendix. Left Iddney very small and largely calcareous. Right 
kidney sliglitly enlarged. Heart enlarged, particularly left ventricle. 

3Iicroscopic findings. 

Bight kidney. Histologicallj' normal. Left kidney. Extensive old infarction ; diffuse 
fibrosis in remnant of kidnej' tissue ; severe tubular atrophy ; glomeruli generallj' shrunken but 
appear otherwise normal. 

No acute vascular lesions wore discovered in stomach, intestine, pancreas, suprarenals, liver, 
spleen, myocardium, or thyroid. 


Discussion. 

The association of hypertension in man with changes in the arteries and 
arterioles has long been recognised. Jores (3) first gave a clear account 
of the nature and distribution of arteriolo-sclerosis in the condition now 
recognised as benign hypertension. The characteristic lesion is fatty 
hyaline degeneration of the arterioles which is most marked in the vasa- 
afferentia of the Iddney, but is also found in other abdominal viscera, 
especially pancreas, suprarenal, and intestine. It is generally believed that 



AMMIAL LBSJOXS IS llYPKUr US BIOS . M!. 

these chaeses in the arterielce etc the resnlt and not the eauee ot H'n '.J l'cr- 
tension. In addition to fatty hyaline degeneration of the nricnnh.. I le 
larger arteries in all eases of high Wood liressilre shoiv some ' tHreo of 
“elastosis.” This consists of lliichcning of the inlmin ^v•^th prolifcrntion 
of fibrous and elastic tissue and reduplication of flic internal elastic hniina. 
this change is uell seen in the interlobular and arcuate arteries of the kidney. 
It is not peculiar to hypertensive subjects but develojis in the iiiajonty of 
individuals as age advances. Its association ivitb hypertension is nsnnlly 
regarded as an acceleration of the ageing process. It must be eniphnsised 
that fatty hyaline degeneration of the arterioles and clast o.sis of the larger 
vessels are to be found in all cases where longstanding liyiicrtcii.«ion lin.s been 
present durhig life, that is, in benign hypertension, ninlignant bypcrlcnsion, 
and chronic nephritis. 

In 1919 Pahr (1) described acute arterial lesions whicb were invariably 
present in the condition termed by him ninlignant nephrosclerosis. I he 
lesions were of two tj'pes, the first an acute necrosis of the vc.'iscl wall with 
fragmentation of nuclei, deposition of fibrinoid material, and the occasional 
presence of red blood cells in the wall ; the second a cellular thickening of the 
intima without splitting or reduplication of the elastica interna. Fnhr 
pointed out that these lesions were most severe and widespread in the 
kidne 5 ’s, and occurred less constantly in other organs, particularly in tiio 
pancreas, suprarenals, and intestine. These lesions arc not confined to 
malignant nephrosclerosis ; thus Lohlein (4) described acute necrotic 
lesions of the renal arterioles in severe cases of subacute diflnsc nephritis. 
Furthermore an extensive study of the vascular lesions in Bright’s disease 
by one of the present authors (C.W.) has revealed both types of arterial lesion 
in a number of cases of clironic diffuse nephritis, not only in the kidney, but 
also in the pancreas, suprarenals, intestine and retina. The subjects 
presenting these lesions Lad during life a severe lij'pertension and in tlic 
terminal stages the clinical picture closely resembled that of malignant 
hypertension. 

The acute arterial lesions we have described in rabbits ^\•ith experimental 
hj pertension seem to be structurally identical iritli tlie lesions described bv 
Fahr (Fig. 8). Their distribution in the rabbit and in man is also similar, 
wth one outstanding exception, for in the rabbit these lesions are absent 
from the Iddney, the organ which in man is most constantly and most .severely 
affected. In the rabbit, however, the renal artery has been constricted and it 
is natoal to suspect that the sparing of the Iddney may be due to this, a 
possibility 'vrliich is being tested experimentally. 

man, the presence of acute arterial lesions in malignant hypertension 
n m c omc diffuse nephritis when the arterial pressure is very high, 

hypertension where the diastolic 

SrheS^fn^k i rT' production of the lesions depends 

tbfl f ^ pressure. Against this suggestion it may be argued 

that m man, some factor other than hypertension may cause the acute 
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arterial necrosis. Fahr for example, considers that necrotising arteriolitis 
is the primary lesion in malignant sclerosis, and gives rise to hypertension 
hy narrowing the renal vascular bed. In the rabbit the problem is simplified 
for we have animals with different degrees of hj^pertension produced by 
dehberate interference with the renal blood flow. In such animals acute 
arterial lesions cannot be primarj^ and, as we have seen, their apjoearance 


I. Disfribuiion of acute arterial lesions in rabbits with experimental renal hypertension. 
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+ acute arterial lesions present. 

— ,, ,, „ not found. 

Tlie following organs were examined and showed no acute arterial lesions ; — kidney, ovarj’, 
skeletal muscle, skin, thjToid, brain, spleen, pancreas. 


seems to be related only to one factor, the presence of a rapidljr developing 
severe hypertension ; in animals with a moderate hypertension of long 
duration, acute lesions are not found. In view of the lack of demonstrable 
structural change in the Iddneys it appears that renal failure plays no part 
in the process. In agreement vdth the view that the lesions are the result 
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of high blood pressure is their absence from the Iddney, where it may be 
inferred the arterial pressure is less high owing to the clamp on the renal 
artery.* 

This view which we have put forward of the pathogenesis of acute 
arterial lesions, appears to be that which fits the known facts and one which 
seems to be open to experimental verification. 

Summary. 

1. Acute arterial lesions structurally identical with those of mabgnant 
hypertension in man have been found in rabbits with arterial hypertension 
produced by renal artery constriction. The incidence of the lesions was 
related to the degree of hypertension but not to its duration. 

2. These lesions were most freqimt and severe in the intestine, but were 
also formd in stomach, liver, suprarenal, heart, and eye ; they were absent 
from the kidney, the renal artery to which had been constricted. 

3. It is suggested that a greatlj' raised intra-arterial pressure is a 
cluef factor determining these lesions in human and experimental hyper- 
tension. 
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, , pressure in the artery distal to the clamp has not been measured in rabbits ; but in 

tM dog Blalock and Le\-j' (Ann. Surg., 1937, 106, 826) found it considerably below the systemic 
arterial pressure. 
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Fig. 3. Fig. 4. 

Fig. 1. (X 330), Rabbit 54. Large intestine. H and K stain. Fibrinoid ncerosis with 
obliteration of lumen. 

Fig. 2. (X 140). Rabbit 39. Myocardium. H and E stain. Fibrinoid necrosis of arterioles 
with extension of fibrinoid substance into perivascular tissue. 

Fig. 3. (X 220). Rabbit 54. Same vessel as in Fig. 1. Elastic tissue stain. Fibrinoid 
necrosis confined to intima. Great stretcliing of elastica interna. 

Fig. 4. (x 330). Rabbit 4S. Large intestine. Elastic* tissue stain. Fibrinoid necrosis of 
small artery affecting both intima and media. 




EXPERIMENTAL HYPERTENSION OF RENAL ORIGIN IN THE 

RABBIT.* 

By G. W. PICE:ERING and M. PRINZMETAL (Los Angeles).! 
{Dejyartrnent of Glinical Research, University College Hospital 
Medical School, London). 


The production of h3Tpertension in the experimental animal by interfering 
noth its kidneys is of interest to medicine chiefly because raised arterial 
pressme in man is believed to be also of renal origin at least in 
certain instances ; it is hoped that a solution of its mechanism in the animal 
may accelerate the solution in man. The simplest and most certain method 
of producing hypertension of renal origin seems to be that of constricting 
the renal arteries by silver clamps as described by Goldblatt and his co- 
workers (8). The method has been extensively used in dogs and also in 
monlieys (5), but there are many workers, particularly in this country, who 
are forced to work on smaller animals ; of such the rabbit is one of the most 
suitable because of the ease with which its blood pressure can be estimated. 
The present paper describes a simple modification of Goldblatt’s method for 
constricting the renal arteries, and some of the resultant changes in the 
rabbit. Results obtained on other species by previous workers using similar 
methods have recently been summarised by Goldblatt (6), and will not be 
fully referred to here. 

Method. 

We used brown adult female rabbits fed on a liberal diet of bran, oats, 
and green vegetables. Blood pressures were measured bj’^ Grant and 
RothscTiild’s capsule (10) on the central artery of the ear. Measurements 
were made in a warm room (about 24°C) into which the animals were brought 
half an hour or more previous^. Each animal was put on a comfortably 
warm pad, and covered ndth a blanket secured at the sides with sandbags. 
In these circumstances, the rabbits would remain quiet with their ears 
flushed. The blood pressure was recorded at intervals of about 30 sec. until 
it ceased to show a progressive change ; four successive readings were 


* ork undertaken on behalf of the Medical Research Council. In the later experiments 
of tliis paper we were assisted bj’ Dr, A. R. Kelsall to urhom we ■wish to record our thanks, 

t Research Fellow of the American College of Physicians. 
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averaged. Readings of arterial pressure obtained in this way agree closely 
vdth the mean pressure recorded by cannulation of the femoral artery (10, 16). 

A simple clamp for constricting the renal arteries may be made as 
follows (Rig. 1). Rrom a strip of standard silver, O-o mm. thick and 6 mm. 
broad, a piece 14 cm. long is cut ; the edges are rounded with a file. The 
strip is then bent into the shape of a U. A metal plate of kno'wn thick- 
ness (usually 0-5 mm.) is passed between the limbs of the U which is 
then firmty compressed in a vice. After releasing the compression the 
TJ shaped strij? maintains its shape fairly well, the limbs remaining apart 
b}’' a distance just greater than the thickness of the plate used to separate 
them. The internal diameter of the clamp is measured accurately with a 
microscope and micrometer ej^epiece. By using plates of varjdng thickness, 
clamps of varying size may be made. 


Silver Strip r-:: ;=: uL=L-= =a Hx6x0Srn. 

Btnt (( ' 

Correct Inttrnjl dinmeter 0 5 mm. thick 

£ndt opened *•••—•• Renil irtcry 

Arter 7 In : ends tejether s 


Fig. 1. A diagram to illustrate the clamp for constricting the renal nrterj'. The first three 
stages represent the construction of the clamp and the adjustment of its internal diameter. 
The last two stages illustrate its application to the renal arterj’. 


The clamp is applied to the renal artery as follows. Operating Avith 
aseptic precautions under ether or nembutal antesthesia the Iddney is exposed 
through the loin, mobilised by freeing it from surrounding connective tissue 
and delivered through the wound. The renal arteiy and vem are cleaned 
from adherent fat and separated from one another for a suitable distance 
by a flat blunt probe. The free ends of the two limbs of the clamp are 
separated by the handle of a scalpel, the clamp is slipped on to the artery, 
and the free ends approximated by squeezing them in a pair of artery 
forceps. The clamp usually returns to its original shape, and although its 
free ends remain a little separated, it rarely shps off the arterj’’ subsequentlj’’. 
The Iddney is then returned to the abdomen and the wound soAvn up. The 
right kidney lies partly under the ribs, and its exposure is facilitated by a 
sand bag the centre of AA-liich is placed under the left costal margui, the 
animal Ijdng on its left side. The Ifeft renal artery is long, and if the first 
clamp constricts too little, a second and even a third may be apjjlied 
proximally by exposing the renal artery through an anterior abdominal 
incision. The right renal artery is short, and can usually be clamped only 
once, and most easily through the loin. 

The only difficulty m using the clamps is in adjusting their size to 
obtain the desired result. Clamps less than 0-4 mm. internal diameter 
usually cause necrosis of the kidney and Avhen Avider than 0-7 mm. may not 
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cause any li 5 ^ertension. Tlie most useful size for producing persistent 
hypertension is about 0-5 to 0-6 mm., but with such clamps there are failures 
either from necrosis of the kidney or from inadequate constriction. 

As far as “we can tell the only action which the clamps can exert is to 
reduce the pressure in the renal artery as it enters the kidney. The clamps 
are applied close to the hilum of the kidney and the only branches arising 
from the renal artery distal to the clamp are those to the kidney and a small 
branch anastomosing with the ureteric artery. 

Results. 

Ligature of the ureter. Four rabbits were observed for two to four 
weeks after ligating one ureter, the other kidney remaining intact ; no 
definite rise of blood pressure occurred ; in all instances a hydronephrosis 
was foimd at autopsy. 

Ligature of the renal artery. Ligature of one renal artery, the other 
kidney being intact, produced no rise of blood pressure in 9 rabbits observed 
for 2 to 20 weeks. The procedure was followed by necrosis of the kidney 
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Fig. 2. The arterial pressure of rabbit 114 before and after applying a 0-5 mm. clamp to the 
right renal artery on the 8th day. At autopsy 15 weeks after operation, the right kidney 
was very small (1-8 g.) but of normal consistency apart from a calcareous sear at one comer. 


and its ultimate shrinkage to a small yellow calcareous lump weighing about 
1 g.. The bloodflow through the kidney is probably not abohshed entirely 
by ligating the artery, because a few days after this operation a lead chromate 
gelatin mass injected into the abdominal aorta at a pressure of about 100 
mm.Hg, enters some of the interlobular and afferent glomerular arteries of 
the necrotic kidney by way of anastomotic arteries passing up the ureter 
to the hilum of the kidney. There exists therefore a possible channel 
through which a small amount of blood can flow to the necrotic kidney, 
and through wliich the products of renal necrosis can enter the blood stream. 
The absence of any definite rise of blood pressure is against such necrotic 
products being the cause of renal hypertension, as has been suggested in 
the past, a conclusion with which subsequent observations agree. 

Constriction of one renal artery, the other Jddney being intact. In 17 
animals, clamps var 3 dng from 0-5 to 0-7 mm. in internal diameter were 
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aj^iDlied to the right renal artery, the left kidney being intact. A rise of 
blood pressure of 10 mm. or more above the pre-ojjerative level occurred 
in 5 animals, but in only one was the rise as much as 30 mm. Hg and in this 
transient (Fig. 2) ; in this animal the right kidney was found at autopsy to 
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Fig. 3. Babbit 54. Constriction of the right, and subsequently the left, renal arteries. At 
autopsy the right Iddney was small and partty calcified ; the left was enlarged but of normal 
appearance. 



I 2 3 4 5 6 7 8 9 10 II IJ 13 u 15 16 17 IB 

' Months 


Fig. 4. Babbit 22. Constriction of the left, and 1 month later of the right, renal arteries. 
Tlais animal was killed 22 months after the first operation, its blood pressure being between 
120 and 130 mm. Hg. Autopsy showed simplj"^ atrophy of the left and enlargement of the 
right Iddney. 

have atropliied very considerably, weighing only 1-8 g. as against 13-7 g. 
for its fellow. A simple atrophy of the ischajmic kidney was also observed 
in one animal in which no hypertension developed, and one in which it was 
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slight. Atrophy of the ischjemic kidney -nith enlargement of the other 
suggests that when the blood supply to one kidney is reduced, the work 
previously done by it may he transferred to its fellow ; such a kidney, while 
sufFering a reduction in its blood supply would probably have also a 
reduction in its blood demand. The absence of any pronounced hypertension 
in these circumstances suggests that the stimulus to the rise of arterial 
pressures may be an upset in the normal relationship of blood supply and 
demand in the kidney, rather than a simple ischaemia. 

Oonstriction of both renal arteries. In 15 rabbits the left renal artery 
was constricted 1 to 4 weeks after the right, the blood pressure at the time 
of the second operation being normal or but slightly raised. The internal 
diameter of the clamps used was 0-5 mm. to 0-7 mm.. Three animals died 
within 3 days of the second operation and at autopsy showed necrosis of the 
left and atrophy of the right kidney. Persistent hypertension developed in 
9 and was moderate or severe in 5. Fig. 3 exemplifies a severe hypertension. 
Fig. 4 illustrates an experiment which was remarkable for the long interval 
which elapsed before the blood pressure began to rise. 
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Fig. 5. Eabbit 4oa, Tlie right kidney ■«-as removed on the 2nd day, and a 0-37 mm. clamp 
applied to the left renal arterj- on the loth day. At aotopsj- late on the 17th day the kidney 
was formd enlarged and soft, and showed patches of necrosis. 


In 5 animals that have come to autopsj' the clamps have been unequal 
in size and the kidney having the narrower clamp has been atrophied or 
partially or completely infarcted, the other kidnej'^ being enlarged but 
normal macroseopieall 3 ^. It is possible that these changes in the relative 
sizes of the kidneys maj' be in part responsible for the onset of hjqjertension 
being so greatly delaj^ed as in Fig. 4. 

In its essence, therefore, this method of producing hypertension resembles 
the next in that it seems to depend on destro 5 dng one Mdney and producing 
adequate ischremia of the other. But it is less satisfactory in being less 
deliberate. 

Conslrid'wn of the renal artery to the only functioning hidney. The most 
satisfactor}' method of producing renal hypertension in the rabbit is to remove 
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Fig. 6, Rabbit 39. The right kidney rvas removed and the left renal artery constricted vith 
a 0'6 mm. clamp. At autopsy the animal shoved multiple small and large htemorrhages 
in gut, muscle and heart. Tlie left kidney vas enlarged but was otherwise normal. 
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Fig. 7. Rabbit 40. Ligature of the right renal arterj', constriction of the left. Two months 
during which the hj'pertension was unchanged are omitted from the record. A second 
0-7 mm. clamp was applied to the left renal artery on the 166th day without producing any 
further rise of blood pressure ; the application of a third and narrower clamp on the 203rd 
day led to an acute rise of blood pressure and death on the 208th day. At autopsy the left 
kidney was foimd greatly swollen with areas of necrotic cells and neighbouring areas of 
inflammation. 
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tlie right Iddney, or to destroy it by tying its artery or ureter, and then after 
2 u'eeks or longer to constrict the left renal artery. The effects ohserTed 
are chiefly dependent on the degree of constriction employed. 

With clamps having an internal diameter of about 0-35 to 0-4 mm. 
the blood pressure is raised by 10 to 30 mm. within 6 hours after operation 
and remains raised until late on the 2nd daj* when it falls to normal or below, 
and the animal dies (Fig- o). At autopsy, 50 to 60 hours after operation, 
the Iddney is enlarged and soft and presents pale and hemorrhagic areas 
of varying extent. The ureter and bladder contain a little red urine in 
which are numerous red cells and cellular casts. Sections of the Iddney 
show that in the pale areas the kidney cells are necrotic and the tubules and 
glomeruli are distended with an albuminous content ; in the intervening red 
areas, the renal cells seem intact but there is intense vascular engorgement 
and infiltration of inflammator}- cells. In such kidneys it is evident that the 
ischsemia has been severe enough to produce some renal necrosis. Yet the 
clamp does not actually occlude the renal artery, for methjdene blue 
injected at a pressm'e of 20 mm. Hg into the aorta wfll flow througli the 
renal artery past the clamp. 

With slightly larger clamps, 0-5 to 0-7 mm. in internal diameter, the 
arterial pressure rises more slowly but the kidney and animal survive and 
a lasting hj-pertension may be obtained. Because the rise of blood pressure 
is slow, it is difficult to be sure when it begins ; it may be definite as early as 
the first or as late as the 10th day and afterwards continues to increase 
for 1 to 3 months, when the pressure may become more or less stable. An 
example of severe hypertension produced in this way is given in Fig. 6 and 
one of a mild hypertension in Fig. 7.- Fig. 7 also shows that when clamping 
the renal artery leads only to a moderate hypertension, increase in the 
ischremia may be followed by a further rise in blood pressure. 

Remarl:^ on rabbits tcith hypertension. 

Babbits with persistent hypertension usually appear undistinguishable 
fi-’orn normal rabbits. They maintain their weight unless afibcted with 
interciUTent disease. They may beget, deliver and suckle young. The 
following points require special mention. 

Urine. In rabbits developing acute hypertension as a consequence 
of severe ischremia and partial necrosis of the only kidney, very little urine 
is formed and this contains much blood, protein and cellxilar casts. 
Hrematmia also occurs very commonly for a day or two after any operation 
in which the kidney is handled. Several weeks after operation animals with 
h 3 ’per tension commonly show no red cells or casts in the urine. 

Blood urea. The blood urea lay between 30 and 35 mg. per 100 c.c. in 
3 animals with blood pressmes of 115 to 130 mm. Hg 2 to 4 months after 
constricting both renal arteries. Goldblatt and his colleague (8) have, 
shown that in the dog hypertension may occur with a normal renal functions 
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Vascular reactions. The ears flush and pale as the environment is warm 
or cool ; when flushed the ears appear normall5’^ so. 

Grant (9) has shown that in the rabbit the vessels of a sympatheetomised 
ear regaiu tone, being less dilated than the vessels of a normal ear when the 
animal is warm ; the regain of tone is associated with a heightened reactivity 
to many vaso-active substances, though probably not to all. It seemed 
possible that if renal hypertension were due to a chemical agent, this might 
act more strongly on s3'^mpathectomised than on normal vessels, and that the 
difference between sympatheetomised and normal ears might be accentuated 
uith the onset of hjqjertension. In two white rabbits, tlie left ear was 
sj^mpathectomised by cutting the great and posterior auricular nerves and 
b}^ remo'snng the superior cervical sympathetic ganglion on that side. A 
month or more later, operations on the kidnej's were begun ; in one animal 
the right kidney was removed and the left renal artery constricted ; in the 
other the two renal arteries were constricted. With the animals warm and 


quiet, the temperature of the ears was recorded tliermo-electricaUy from 
sjmimetrical points and the ears were photographed ; this was done repeatedly- 
before operating on the Iddney’^s and also 4 to 6 months afterwards when the 
blood pressures were between 110 and 130 mm. Hg. Before the renal 
operations the sjmipathectomised ear was a little paler and cooler (0-5 to 
2-0°C.) than its fellow when this was flushed. After the development of 
hj'^pertension this difference remained unchanged. The exjjeriment suggests 
that if this form of hjqjertension is chemical in origin, then the chemical 
substance is not one to wliioh the sympatheetomised vessels are unusuaUy- 
susceptible. 

According to Koch, Mies and Nordmann (14), rabbits in which 
hy'pertension has been produced by’^ cutting the carotid sinus and aortic 
nerves, respond to a needle prick uith a fall of blood pressure. Our rabbits 
with hy’^pertension have responded to a prick with a rise of blood pressme, 
as do normal animals. 

The heart. In the rabbits vdth hy'pertension and in a series of 32 normal 
rabbits the heart was cut out by'^ severing the great vessels at their origin, 
stripped of its pericardium and adherent tissue, and washed free of blood. 
After removing adlierent water by^ squeezing m filter paper the heart was 
weighed. The rabbit was also weighed before (total weight) and after 
(carcase weight) removing the abdominal viscera. In om’ series of normal 
rabbits we found heart weight related rather more closely to the carcase 
weight than to the total weight, a considerable factor in the latter bemg the 
contents of the gut. The relationship between carcase weight and the ratio 


heart weight X 100 
carcase weight 


in the normal rabbits and m 16 rabbits with chi'onie 


hypertension is shown in Fig. 8. The hy'pertensive rabbits had had blood 
pressures of 100 mm. Hg or more for 1 to 17 months. It may be seen that 
4 of the hy-pertensive heart weights fall within the upper limits of normal ; 
the remainder are hea^der and sometimes much heavier than normal. Fig. 9 
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Fig. 8. Tlie relationship between the weight of the e\'isccrafed carcase and the ratio 


heart weight x 100 
carcase weight 


in normal rabbits (open circles) and hyi)ertensive rabbits (black discs). 
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Pig, 9. Tile relationsliip between the blood pressure and the ratio 


heart weight X 100 
carcase weight 


in rabbits with hjrperfension for 1 month or more. The rectangle represents the normal 


range* 
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sliows the relationship het-ween the arterial pressure before death and the 
heart-carcase weight ratio in the rabbits mth chronic hypertension ; it ^vill 
be seen that there is a tendency for the degree of cardiac hypertrophy to be 
proportional to the degree of hypertension, but the relationship is not close. 
The chief excejition is the rabbit ^vith the largest heart-carcase ratio and a 
blood pressure of only 100 mm. Hg ; the high ratio was due not to a particu- 
larly large heart but to an abnormally small carcase, the animal being much 
emaciated as a result of pseudo-tuberculosis of which it died. In other 
animals intercurrent disease was absent. We have not compared the 
weights of the separate chambers, but it is clear from naked eye mspection 
of the heart that hypertrophy in the hypertensive rabbit is chiefly of the 
left ventricle. 


Hypertension resulting from renal artery constriction in the rabbit thus 
resembles persistent hypertension in man in its association vith conspicuous 
cardiac hypertrophy. The occurrence of cardiac hypertrophy in the 
hypertensive dog vdth its renal arteries constricted is suggested hy the 
figures of Collins (3) and Elaut (4), but in this animal heart weight and body 
AA^eight are less constant^ related than in the rabbit and cardiac hypertrophy 
correspondingly difficult to demonstrate. In rats with raised arterial 
pressure following partial nephrectomy^, Chanutin and Eerris (2) have found 
an increase in heart weight which is related in degree to the elevation of th^ 
arterial pressure. On the other hand Hamperl and Heller (11) were unable 
to demonstrate cardiac hy^pertrophy in dogs with chronic hypertension 
produced by intracisternal injection of kaolin. In rabbits with prolonged 
hypertension following section of the carotid sinus and depressor nerves, 
Nordmann (15) and Boyd and McCuUagh (1) have demonstrated an increase 
in the weight of the left ventricle relative to the right. Taking the ratio 
between heart weight and body weight as 0-24% in normal animals, 
Hordmann found increase of 11-4% to 30% in this ratio in 7 rabbits with 
arterial pressures of 145 to 171 mm. Hg. In our series of 32 normal rabbits, 


mean value of 0-254 and limits of 0-20 and 0-33. 

body weight 

The heart weight of Nordmann’s hypertensive rabbits are thus all above om' 
normal mean, but only two fall above our normal limits ; the degree of 
cardiac hypertrophy which he observed thus seems to have been much less 
than that found in our series. A possible reason for this difference is that 
the arterial pressure was in general higher in our series than in his, for we 
measured systolic pressure in the ear and in Nordmann ’s series the pressure 
seems to have been measured in the exposed carotid artery by the device of 
Koch and Mes (13). Moreover, according to Heymans and Bouckaert (12), 
the arterial pressure in dogs vdthout carotid sums and depressor nerves is 
elevated only when the animal is awake and excited ; when quiet or asleep 


the arterial pressure tends to be normal. 

The aorta was normal to naked eye examination in all our hyper- 
tensive rabbits except one, vith a hypertension of 130 mm. Hg of 54 
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months duration, in which the aorta showed extensive calcification and 
idceration. 

Arterial lesions. Two or our rabbits with severe and progressive 
hypertension died with multiple hremoniiages in the gut and other tissues. 
It occurred to us that these animals might show acute arterial lesions and 
their tissues and those of other animals were examined histologically. This 
Iiistological examination, already published (18), showed acute lesions, 
closely resembling those of malignant hypertension of man, in the small 
arteries and arterioles of the gut and other organs, but not in the kidneys, 
of animals with severe hypertension ; facts suggesting a greatly raised 
intra-arterial pressure as the chief factor determining these lesions. Similar 
lesions have been described by Goldblatt (7) in dogs with hypertension 
following renal artery constriction. They have not been found in dogs with 
kaolin hypertension (11), nor in rabbits with hj'pertension following removal 
of the carotid sinus and depressor nerves (1, 15). The absence of acute 
arterial lesions in these forms of hypertension seems to be correlated with 
the absence, or relatively slight degree, of cardiac h 5 ^pertroph 5 ', and may 
prove susceptible of the same explanation, namely that the elevation of 
arterial pressure is smaller or less persistent than often happens after renal 
artery constriction. 

Comment. 

In these experiments we may suppose that hj^jertension has been a 
direct or indirect response to some change in the renal circulation consequent 
on clamping the renal artery. As to how this response is brought about we 
have no new evidence to offer. We do not propose to discuss the old, but 
we would like to point out two features of the response in the rabbit which 
also seem to occur in the dog and have not received the attention they merit. 
The first is the latent period which may elapse between renal artery 
constriction and the subsequent rise of blood pressure. At one time we 
considered that this latent period must represent the lag between the change 
in circulatory conditions in the kidney and the initiation of the factor 
responsible for hypertension. However, it now seems probable that in 
many instances the latent period may represent the time taken for the 
renal circulation to adjust itself after operation, for the latent period is most 
pronounced in animals in wliich both renal arteries are constricted, and in 
such it is usual for one kidney to atrophy and the other to hypertrophy, 
changes which must themselves take a considerable time to complete. The 
second feature of the response, which is found in all animals surviving more 
than a few days, is the slowly progressive nature of the rise of pressure, 
which often takes a month or more to reach completion. We could most 
easily explain tliis phenomenon by supposing that the change in the Iddney 
producing hypertension is one of slow and gradual development, but we are 
an are that other progressive changes, such as cardiovascular hypertrophy 
and in some instance acute arteriolar lesions may contribute. 
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In a p^e^dous paper (12) it was pointed out that experimental 
hypertension produced by section of the carotid sinus and depressor nerves 
differed in most major characteristics from persistent hypertension in man. 
It is satisfactory to note that increasing knowledge serves to emphasise the 
similarit 3 '^ between human hypertension and experimental hj^pertension 
produced bj^ renal artery constriction ; in this connection the occurrence 
of gross cardiac hypertrophy and acute arterial lesions in hypertensive 
rabbits needs to be emphasised. 


SUMMAKY. 

1. A simple method is described of maldng clamps of known size 
suitable for constricting the renal artery in the rabbit. 

2. In the rabbit, constriction of one renal artery, the other kidney 
being intact, is sometimes followed bj’^ a small and transient rise of blood 
pressure, and usuall}’- by atrophj’^ of the ischaemic Iddney. 

3. Constriction, by suitable clamps, of both renal arteries or of the 
renal artery to the onl}'^ functioning Iddnej’^ is followed bj^' a slow rise of 
arterial pressure to a level which may be nearlj’^ double the pre-operative 
value. In such animals vith hj’pertension, the heart is hypertrophied 
and the degree of h 37 )ertroph 3 ^ seems to be related, though not closelj’-, to the 
degree of hj’-pertension. 
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OBSERVATIONS ON THE PITUITARY CONTROL OE CREATINE 
AND CREATININE EXCRETION. 


By I. SCHRIRE* and E. P. SHARPBY-SCHAEER.f 
{Department of Medicine, British Postgraduate Medical School, London). 


The excretion of creatine and creatinine in acromegalic subjects was described 
and discussed by Sckrire (1), who observed that there was considerable 
divergence from what is commonly regarded as tbe normal. The abnormality 
in the elimination of these two substances was ascribed to alterations in 
fimction of the anterior lobe of the pituitary gland. 

In acromegalics, the elimination of both creatine and creatinine in 
abnormally large quantities was a conspicuous feature. With the aid of 
injections of thyreotropic extracts and another preparation of the anterior 
lobe (antuitrin), it was possible to produce in normal individuals changes 
in the excretion of creatine and creatinine comparable to those seen in 
acromegaly. Antuitrin (a crude preparation of the anterior lobe) increased 
the excretion of creatinine in the urine without any effect on the creatine 
output. Thyreotropic extracts of the pituitary produced a profound 
creatinuria but in no way altered the level of urinary creatinine. 

It was accordingl}^ considered advisable to investigate the identity 
and the mode of action of the pituitary principles responsible for the 
variations in the output of creatine and creatinine. 

Nitzescu and Gontzea (2, 3) have recently reported results obtained 
on creatine-creatinine excretion in certain abnormal subjects following 
injection of a growth extract, and a urinary gonadotropic extract. The 
pmpose of the present paper is to describe and discuss the results obtained 
in normal individuals following the use of various pituitary extracts, 
and the significance of these findings nill be discussed in relation to 
acromegalj’^. 


* Hart Memorial Fellow, British Medical Association. 

t The authors thank the StaS of the British Postgraduate Medical School for permission to 
in\-cstigate cases iii their charge, and the Chief Medical Officer, London County Council, for 
permission to publish these investigations. It is a pleasure to thank Hr. A. IMacbeth for the 
generous supplies of the Organon Labs, preparations indicated in the lest. 
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Methods and, 7naferial. 

Quantitative estimations of creatine and creatinine in the urine were 
determined by Folin’s colorimetric method (4). The measures adopted for 
collection of the urine have been noted in a previous communication (1). 

The subjects chosen for this investigation were almost ndthout exception 
in hospital for treatment of gastric or duodenal ulcers. All the subjects 
were ambulant, and the creatine-creatinine excretion of each individual 
before an exiseriment was vdtlun normal limits. These individuals vith a 
normal creatine-creatinine metabolism will in this paper be alluded to as 
“ normal subjects.” 

As the diet during the period of the experiment was meat and fish free, 
this was tantamount to a creatine free intake of food. 

The following preparations were used : — 


Thyrcolropic extract. 

Ambinon, (Organon Labs.) ; 1 ml. of the extract contains 100-300 Heyl-Laqiieur units. 

.This preparation is extracted from the anterior lobe of the pituitary gland of hogs, and contains 
some gonadotropic princijtlo which cannot bo eliminated without diminishmg the thjTeotropic 
activity. 

One guinea-pig unit of Heyl-Laquour is half the daily dose that, injected intraperitoneallj’ 
on two successive days, induces a given degree of thjToid epithelial development in at least 
66 per cent, of tho test animals within 48 hours of the first injection. 

Gonadotropic extract. 

A. Extracted from the anterior pitnitary. A special preparation from Organon Labs.. 
It is manufactured from sliccp pituitaries (which have a low thyreotropic content) and contains 
the ovary follicle stunulating principle. There is some thjTeotropic principle present ns an 
xmavoidable contaminant. 

B. Extracted from the scrum. Antostab (Boots) ; it is extracted from the senun of pregnant 
mares, and contains an ovarj' follicle stimulating principle. 

C. Extracted from ttic urine. 1. Pregmd (Organon). Extracted from the imno of pregnant 
women. Contains tho ovary luteinising principle. 2. Antuitrin S. (P. Davis). A preparation 
from tlie urine of pregnant women containing tho luteinising principle. 

Growth extract. 

A. Organon Labs, preparation. This is prepared from the anterior pituitarj’', and tested 
free of gonadotropic and thjTeotropic principles. It is standardised on the rate of gro^vth of 
hjqjophj'sectomised rats. 

B. Antuitrin G. (P. Davis). Extracted from tho anterior lobe of the pituitarj'. It does 
not contain a significant amount of thj'reotropic or gonadotropic principles. 

All extracts were administered bj’^ the intra -muscular route. 


Results. 

Injection of thyreotropic extracts in normal subjects. 

The effects of tiiis procedure were previously described (1) on four 
subjects. This has been repeated on eight more normal subjects, the results 
being essentially the same. Fig. 1 represents graphically the effects on 
creatine excretion in one of these individuals. The subject was a normal 
male adult. On Ma}^ the 27th and on the two succeeding days he was 
injected with one millilitre (ml.) of the thjrreotropic extract. The quantitjr 
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of creatinine excreted M-as unchanged, but creatine appeared in the urine 
in large quantities. Before and after the period of injection no creatine "was 
detected in the nrine except in the three days immediatel 3 '’ after cessation 
of the injections. 
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Fig. 1. Xormal subject of 12Glbs. iveight. Chart of urinary creatine and creatinine excretion 
in g. per 24 hours. 
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Fig. 2. formal subject of 140 lbs. vreight. Chart of urinary' creatinine excretion in 24 g. per 
lioius. 

All twelve normal individuals showed the same results. Five abnormal 
subjects, investigated for other pimposes, produced comparable results 
following the administration of thyreotropic extract. 
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Single large closes produced a marked transient increase of creatinine m the 
urine comparable to the output in acromegalic subjects. Injections of the 
follicle stimulatmg preparation from the serum (antostab), and the 
lutemising factor from pregnancy urine (pregnyl), (antuitrin S.) produced 
no alteration in creatine or creatinine elimination. Of the three preparations 
containing gonadotropic principle (pituitarj’^, serum and urine), the only 
one to mobilise creatinine was a preparation derived from the pituitary 
gland. Creatine was unaffected bj'^ all three in single large injections. The 
principle derived from the pituitary is unavoidably contaminated with some 
thyreotropic principle, and in subjects injected with small doses of 
gonadotropic extract daily for a long period, creatine eventually appeared 
in the urine in small quantities due to the cumulative effect of the th 3 T:eotropic 
contaminant. In addition the basal metabolic rate was raised. 

The administration of growth extract from the anterior lobe of the 
pituitary was without effect. The Organon preparation used Avas tested 
free of gonadotropic and thjneotropic principles, and had no effect on 
creatine or creatinine excretion. Antuitrui G. Avhich has insignificant 
amounts of these tAvo principles, similarlj’^ had no effect. Thus, of all the 
available principles only Iaa'o AA'ere shoAvn to have an effect on creatine — 
creatinine excretion. The thjneotropic principle increased the excretion 
of creatine in the urine, and a preparation from the anterior pituitarj^ which 
contains the follicle stimulating principle, increased the creatinine output. 

Nitzescu and Gontzea (3) liave recently published the results of their 
investigation on urinary creatine-creatinine excretion foUoAving the injection 
of certain preparations. The material thej’- used was Prolan and Antuitrin S. 
(urinary gonadotropic principles), and Antuitrin G. (growth extract), and 
the subjects investigated consistently excreted creatine in tlie urme, apart 
from injections, which these authors recognised as a normal creatinnria. 
In this their preliminary communication, thej^ class as normal the creatinuria 
occurring in subjects suffering from achondroplasic dAvarfism, infantilism, 
gonadal msufficiencjq and dwarfism. They claim that in such subjects 
prolan and antuitrin S. inhibit the creatinuria and exert a slight depressant 
effect on the excretion of creatinine ; and that antuitrin G. increases tlie 
creatinuria and antagonises the effect of the urinary gonadotropic extract. 
Antuitrin G. injections into a normal adult were without effect. 

The fact that our results differ from those of Nitzescu and Gontzea 
maj^ be attributed to the fact that they were investigating abnormal 
subjects in which the endocrine system was undoubtedly uiA^olved, Avhile 
Ave have confined our experiments to normal indmduals. 

The relation to acromegaly. Creatinine excretion in aU cases of 
acromegaly as yet examined has been abnormally increased in the mine, and 
the responsible agent for raising this creatinine output appears, on 
experimental grounds, to be a gonadotropic principle secreted from the 
anterior lobe of the pituitary^ gland. GroAvth extract of the pituitary and 
fanterior pituitarj’^-like (Gonadotropic) substances produced no change in 
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urinary creatine or creatinine u'lien injected into normal subjects. Although 
the factor promoting increased creatinine excretion appears to be inseparable 
from the gonadotropic principle of the pituitar}’^ in its preparation, future 
research unth purer extracts will more certainly determine if this particular 
principle is itself the responsible agent. In acromegaly there are marked 
variations in the excretion of creatine in the urine. There may be a gross 
creatinuria persisting throughout the period of observation, or there may be 
a relatively low creatine output. Several eases of acromegaly appeared to 
have a diminished thyroid activity, for on examination the basal metabolic 
rate was depressed and creatine absent from the urine. The thyroid activity 
may be dependent on the secretion of the thyreotropic principle from the 
anterior lobe of the pituitarj’’, as it has been shown in normals that injection 
of extracts containing thyreotropic principle produces obvious hyper- 
th 3 ’Toidism and increased creatine excretion. In aU the cases we have 
investigated the high creatinine excretion has been a constant and 
characteristic finding. Excess of creatine is much more variable. 

Goiiadotropic extract injection in acromegaly. The pituitary extract was 
injected in doses of 5 ml. on five occasions, using two cases of acromegaly, 
with the typicall}’' raised creatinine excretion. No increase in creatinine 
excretion was produced, wliich was unlike the results obtained in normal 
subjects. These results, however, conform with those obtained bj’’ Schrire 
and Zwarenstein (6, 7) in rabbits which had been gonadectomised for a 
period of several months before injection with the gonadotropic principle. 
In such animals mrinar}” creatinine is at a high level, and it has been suggested 
on experimental grounds that the post-castration h 3 'pertrophj' of the anterior 
lobe of the pituitary is responsible for the altered creatinine output. In 
acromegal 3 ^, as in the long standing castrated rabbit, there appears to be a 
factor which eventually limits the quantities of creatinine in the urine. 
Because the provision of extra pituitary principle fails to increase creatinine 
excretion in acromegaly or in long standing castrated rabbits it would seem 
that the hmiting factor cannot be connected with the pituitary secretions, 
but probabl 3 ’ A\'ith the ereatine stored in the muscles. 

Summary. 

1 . The effects of gonadotropic, th3Teotropic, and growth extracts of 
the pituitar3’ on. the excretion of creatine and creatinine in the urine have 
been investigated in normal subjects. 

2. Th 3 weotropic extract increases the elimination of urinary creatine 
b 3 ' stimulatmg the th 3 Toid gland to increased activity. Creatinine excretion 
is unaffected. 

3. Gonadotropic pituitary extract increases creatinine excretion without 
affecting creatine in the urine. Urinary and serum gonadotropic extracts 
have no effect either on creatine or creatinine excretion. The factor increasing 
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creatinine elimination appears to be inseparable from the pituitary 
gonadotropic extract. Growth extract fails to alter the output of creatine 
or creatinine. 

4. The excretion of creatine and creatinine in acromegaly is discussed. 
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EXPERIjMENTS relating to the itch sensation, IT’S 

PERIPHERAL I^IECHANISM, AND CENTRAL PATHWAYS.* 

By R. G. BICKEORD. 

(Department of Clinical Research, University College Hospital Medical 

School, London.) 


While scratching a recently inflicted gnat bite, I observed that while the 
itching appeared to originate at the point bitten, the surrounding skin also 
gave an abnormal itchy sensation when rubbed with the finger. A perfectly 
definite boundary could, be mapped between the normal and itchy skin. 
At this time the experiments of Lewis (5) on hyperalgesia were fresh in my 
memory, and it appeared to me that the distribution of this itchy skin 
resembled that of his hyperalgesia, and might be investigated along similar 
fines. The results of this investigation are recorded in Part 1 of this paper. 

The itching sensation arising at the centre, has to be clearly distinguished 
from the surrounding itchy skin. I have therefore preferred to call it 
spontaneous itching ; because it continues to be felt without the intervention 
of a touch stimulus, which is necessary in the case of itchy skin. Spontaneous 
itching has been studied by Lewis, Grant, and Marvin (7) and is here 
considered only in relation to itchy skin. The central pathways through 
which both aspects of the itch sensation are conducted will be considered 
in Part 2. 


Method. 

The gnat bite is obviously inconvenient for the experimental study of 
itching. Itching powder has been tried, but it does not give a very pure 
form of itching, and it cannot be easily applied over a small area of skin. 
Histamine was finally chosen, since it has neither of these disadvantages. 
It has been pimctured into the skin in strengths varying from 1 in 15 to 1 in 
30,000 of the base dissolved in normal saline, according to the intensity 
and the duration of itching required. The stronger solutions have been 
buffered to po- 7 to avoid any sensation arising from the introduction of an 
acid solution. Itchy skin, detected by the light friction of a finger, is mapped 


♦ Work undertaken with aid from the Sledical Kesearch C!ounciI. 

f I wish to thank Aliss K. Floyd for her valuable assistance as a subject in these experiments. 
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out on the skin in ink, and traced on to cellopliane for permanent record. 
All the experiments reported have been done on at least three subjects. 
An arm has been used in most experiments, the second being kept as a 
control. 


Part 1. The mechanis^n of itchy shin. 

After the puncture of histamine, there is a latent period of 20 to 30 sec. 
before the spontaneous itching begins. Itchy skin may usually be detected 
as a small area in the immediate vicinity of the puncture at the end of the 
first minute (Fig. 1). During the following 10 min. it continues to extend, 
forming an eliptical area. The long axis of the elipse always lies parallel 
to the cutaneous nerve trunks of the particular area chosen. The 



Fig. 1, ( X i). B.G.B., 19/5/37. Development of itchy skin from n liistnmine puncture. 

The point at which histamine was punctured, and the wlieal which developed are shown at 
H. The areas of itchy sldn, with the times at which tliey appeared, are incidated by the 
black lines. 

0 min. Histamine (1 in 16). 

30 sec. Spontaneous itching begins. 

1 min. Itchj' slan first detected. 

2 min. Spontaneous itching intense. 

7 min. Spontaneous itching just perceptible. Itchy skin still extending. 

17 min. The whole area of itchy skin disappearing. 

spontaneous itcMng rises to a maximum, declines, and disappears by the 
10th minute. Thus itchy sldn reaches its full extension after spontaneous 
itc hin g has vanished ; it takes a further 10 to 20 min. to disappear. 

Itchy sldn could be explained by supposing it to result from diffusion 
of histamine from the punctme into the surrounding skin. But the fact 
that the areas are eUptical, and he parallel to cutaneous nerves, suggests 
some kind of nervous control. This is proved by puncturing histamine into 
a small antesthetic area (Fig. 2), when the appearance of itchy skin is delayed 
until the antesthesia recovers. There is no delay if histamine is punctured 
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into a control injection of saline. The local novocain lias blocked the 
nervous pathway involved in the production of itchy skin. 

This pathway might be regarded as a local one in the skin, or as involving 
the spinal cord. The latter is excluded by the behaviour of itchy skin in 
relation to cutaneous novocain barriers (Fig. 3). Histamine is punctured 
into normal skin on the proximal side of the barrier. Itchy skin develops 
at a normal rate on this side, but it’s appearance is delayed on the distal side 
until the barrier recovers. The close relationsliip existing between the" 




Fig. 2. ( X J). K.F., 16/6/37. Histamine punctured into aniesthetised skin. 

0 min. Novocain (O-l c.c. of 2%) injected into the skin giving area of ansesthesia 

(AN). 

1 min. Histamine (1 in lo) punctured into middle of anassthetic area. 

16 min. No spontaneous itching and no itchj- skin detected. Anesthesia 

practically gone. 

17 min. Spontaneous itching begins and first area of itchy skin mapped. No 

anesthesia can be detected. 

Fig. 3. ( X Ik K.F., 16/6/37. The efiect of a novocain barrier on the spread of itchy skin. 

0 min. An oblong area of skin (AN) injected intradennally ivith novocain 
(0-25 c.c. 1%). 

5 min. Histamine (1 in 15), punctured into the normal skin at H. 

10 min. No recovery of sensation in the barrier can be detected. Itchy skin 
has not extended beyond it. 

15 min. The barrier has now fully recovered sensation, and itchy skin has crossed. 


position of a novocain barrier, and the development of itchy skin, may be 
further illustrated by pimctuiing histamine excentrically on an area of 
novocain ansesthesia (Fig. 4). 

This experiment provides strong evidence against the participation of 
a central nervous mechanism, for the result would require cord reflexes 
of impossible complexity. Lastly, using Lewis’s (5) argument, the failure 
of itchy skin to spread round the ends of the barrier may be taken as evidence 
in favour of a plexiform arrangement of the local nerves, rather than of a 
freely anastomosing network. 

Other 2 )lexiform systems in the shin. This typical behaviour in relation 
to novocain barriers has now been shown to exist for goose-skin (Lewis and 
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Marvin (9), faradic sweating (Bicldbrd (1)), and hyperalgesia (Lewis (5)). 
The local nerves in the first two cases are known to belong to the sympathetic 
system, whereas in itchy sldn, like hyperalgesia, the sympathetic may he 
excluded. 

The relevant experiment has been done on two patients with unilateral 
cervical sympathectomy (ganglionectomy). When histamine is punctured 
into the sympathectomised arm, the itchy skin produced is comparable in 
extent and duration to the control. 



Fig. 4. { X i). B.G.B., 11/5/3G. Tlie effect of puncturing histamine eccentrically into 

antesthetised sldn. 

0 min. Novocain (0-2 c.c. of 2%) injected intradennally and resulting area of 
anaesthesia (AN) mapped. 

2 min. Histamine (1 in 16) punctured into margin of anaesthetic area at H. 

4 min. The anaesthesia has receded slightly at its margins exposing the histamine 
prmeture on one side. Adjacent to this the first area of itchy 
skin has developed. 

7 min. The histamine pxmeture is now well outside the margin of anaesthesia. 
Itchy skin has developed only on the exposed side. 

10 min. The injected area has recovered sensation, and itchy skin is now extend- 
ing bej-ond it. 

Occurrence of itchy shin. Lewis, Grant and Marvin (7) showed that 
spontaneous itching is a feature of practically all forms of skin damage, 
provided that the damage is relatively shght in amount. Since itchy skin 
was unrecognised at this time these instances have now to be reinvestigated. 
This has been done for burns, freezes, mechardcal pinching, galvanisni, and 
ultra-violet burn. Itchy skin, similar to that produced by histamiue has been 
found to follow each of these types of skin damage. 

The detection of itchy sldn in chnical cases of itching present some 
difficulties. The patient is first familiarised with the sensation of itchy skin 
produced by histamine puncture. The majority of patients soon learn to 
map the areas accurately. This sensation is now compared with that 
surrounding the clinical lesion. In aU cases, patients have been quite certain 
that the itchy skin produced by histamine is identical with that surrounding 
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their own lesions. Scabies, flea bite, scrum rash, carbolic dcrmatatis and 
herpes zoster commencing with itching, have been investigated m this way. 

The peripheral process in itchy shin. It has been shown that tlie 
production of itchy skin depends on a local plexus of nerves. Tlie sensation 
is conveyed to the central nervous system by sensory nerves. It would be 
consistent with contemporary ideas to postulate the liberation of a chemical 
intermediary between the two sets of nerve endings. Tliis peripheral process 
must be highly unstable, since itchy skin shows no tendency to persist when 
the plexus nerves are blocked. Thus novocaine, injected locally at any 
interval following histamine puncture, leads to the rapid abolition of itchy 
skin. In this respect itchy skin differs from local hyperalgesia. The 
instability of peripheral process probably accounts for the fact that the 
existence of itchy skin cannot be prolonged by arresting the bloodflow to 
the part. 



Fig. 5. ( X J). R.G.B., 27/5/37. Itching produced by a freeze. 

0 min. COj snow (7 nun. diam.) applied to skin at F. for 20 secs.. 

7 min. Spontaneous itching begins and itchy sldn is first detected ; the delay 
is due to cold acting as a local anresthetic. 

10 min. Spontaneous itching of moderate intensity. Itchy skin extending. 

12 min. Spontaneous itching has become faint. A little soreness -within the 
area of itchy skin. 

16 min. Sh'ght burning pain has replaced the spontaneous itching. Tlie 
surrounding skin now definitely byperalgesic. It’s boundary is 
shown by the dotted line. 

The relation of itchy shin to hyperalgesia and the flare. In certain subjects 
the itchy state of skin following histamine puncture changes to a state of 
hyperalgesia. The hyperalgesia is first detected 10 to 15 minutes after 
puncture, and spreads to occupy fully the area pre-viously displaying an 
itchy condition. It persists for many hours. When itching is produced 
by skin damage, all subjects seem to show this transition from itchy skin to 
hj’peralgesia. The spontaneous sensation often undergoes a corresponding 
change from itching to burning pain (Fig. 5). 

The final outhne of the vascular flare coincides approximately with that 
of itchy skin. Yet itchy skin is not the result of the flare, for it can be 
produced in an arm after arrest of its circulation. 
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The close relation between the outline of itchy skin, flare and 
hyperalgesia would be explained if they were mediated through a single 
sj^stem of plexus nerves. But Lewis (G) has already shown that the nerves 
mediating flare and h3’^peralgesia differ in regard to their sensitivity to blocking 
by asphj’^xia. The nerves mediating itchy skin show a greater difierence 
in this respect, for itchy skin crossed an area rendered ansemic by the pressure 
of a rubber band applied for manj'^ hours ; wliile in Lewis’s experiments 
spread of hj^oeralgesia Avas prevented by 20 to 30 minutes, and spread of 
flare by a httle over 30 minutes, pressure. 

Part 2 . The ceniral pathways involved, in itching. 

In the preceding account, the sensations of both spontaneous itch and 
of itchy skin have been assumed to be convej^ed through a single system of 
sensory nerves. HoAA’CA’er, the fact that in tlie one case the sensation arises 
spontaneouslj’^, Avhereas in the other it only exists in association with a touch 
stimulus, might lead us to expect some kind of differentiation in the nerves. 
Experiments now to be recorded, shoAv that tlie nerves carrying the two 
sensations are different in their properties. 

The effect of asphyxia on itch nerves. Lewis, Pickering and Rothschild 
(9) have shown that Avhen the circulation to an arm is arrested by means of a 
forearm cuff, loss of sensation begins distally, and spreads in a proximal 
direction. Thus at any particular moment the arm may be divided into 
zones of sensory dissociation. These changes are a result of a graded 
sensitivity to asphj’-xia exhibited by the nerves Ijdng beneath the cuff. 
Since the itch nerves also share in the asphj^xiation the preparation may be 
used to detect any variation in sensitivity Avhich they exhibit. 

The circulation to the whole limb is arrested until anjesthesia spreads 
to the dorsum of the hand ; sensation is normal in the vicinity of the cuff. 
This usually takes about 25 minutes. Histamine is punctured into the 
ansesthetic area, the slun which retains normal sensation, and a control 
area on the other arm. Spontaneous itching occm-s equally at the tluee 
punctures. Itchy sldn fails to appear in the anjBsthetic area but occurs in 
the sldn with unimpaired sensation. This observation shows that the failure 
of itchy sldn to appear is due to asphyxial blocldng of the sensory nerves at 
the cuff, and not the local plexus nerves in the sldn ; for the latter would be 
equally affected throughout the arm. By placing histamine punctures in 
position intermediate between the normal and amesthetic skin, it can be 
shoum that itciy^ skin fails to appear when sensory impairment is at a less 
advanced stage than complete loss of touch. In fact it fails at a much 
earher stage Avhen the sensation of tickle* is lost. The latter is tested by 
means of hght strokes with a wisp of cotton wool, and can be clearly 
distinguished from the more advanced stage of hypojBsthesia, in which only 


* Blake Pritchard (2) has called this sensation, “ superficial tickle.” 
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the heavier touches of a finger are appreciated. Tims, the nerves conveying 
tlie itchy sldn and tickle sensations share the property of being blocked at 
an early stage by asphyxia. 

Spontaneous itch has already been shov-n to remain unimpaired in 
skin vliich has lost the sensation of touch. It remains so until, at a ver}' 
late stage in asphyxia, the pain sensation is praeticaUj^ lost. This may be 
shovTi by arresting the circulation to a single finger, a method used bj' 
Levis and Pochin (10). In this case the sensation of itchy skin vitli that of 
tickle is lost in about 45 minutes. By the end of the first hour the finger 
has become anresthetie. The spontaneous itching from histamine remains 
practically undiminished until about !£• hours. Spontaneous itching 
subsequently becomes gradually reduced in intensity’, until at 2 hours, just 
before the finger has become analgesic, it fails altogether. 

Thus the fibres conveying the sensation of itehy sldn and of spontaneous 
itching, present a contrast in their sensitivity to bloeking by asphyxia. 
The former are grouped Avith the fibres conveydng ticlde in being the most 
sensitive, and the latter vitli those of pain in being among the most 
resistant to the effects of asphyxia. 

Effects of cooVmg nerve. These results received further support from 
experiments on nerve cooling. It is intended to record tliese fully in a 
subsequent publication. A forearm nerve is cooled by’’ perfusing a freezing 
mixture at -5°C. through a lead pipe lydng on the skin immediately^ over a 
small length of it. Sensation becomes impaired in an area of sldn well distal 
to the point cooled. As cooling proceeds sensation is lost in the same order 
as that produced by asphyxia ; namely, tickle first, followed by touch and 
later by pain. The loss of sensation is not due to asphy’xia since it recovers 
immediately on rewarming the nerve when the circulation to the arm is 
arrested. 

When histamine is punctured into the area and cooling of the nerve is 
begun the itchy skin disappears early at the same time as superficial tickle. 
As in the case of asphyxia, spontaneous itching remains tiU a later stage. 
It is last felt just before the onset of complete analgesia. 

Histamine itching in clinical cases of sensory dissociation. Many workers 
(Thole (11), Erhenwald (3), Blake Pritchard (2)) have investigated the 
occurrence of itching in various clinical cases of sensory dissociation. It is 
difficult to incorporate their results because the two types of itch sensation 
were not recognised at the time. Thus itching is often referred to as 
qualitatively altered,” when it is clear that the state was one of itchy skin 
m t e a sence of spontaneous itching. Many statements are made concerning 
t e re ation of itching to the touch sensation. Blake Pritchard distinguished 
c y et’v een tickle and touch, this distinction is a very important one. 

e occurrence of itching in a small series of cases of sensory dissociation 
as een reinvestigated. The patient is first familiarised with the sensations 
o spontaneous itching and itchy skin by puncturing histamine into a normal 
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part of the skin. In the area of sensory dissociation particular note is taken 
of the presence of tickle, touch, and pin prick pain sensations. Histamine is 
punctured into the middle of such an area and the occurrence of itchy skin 
or spontaneous itching is noted and compared with a control. The results 
are shown in Table I. They may be summarised. 

Itchy sldn cannot be detected in sldn which has lost tickle sensation, 
although touch may be retained (syringomyelia and cordotomy cases). 
Where ticlde is impaired, itchy sldn often appears as a reduced area, or it 
may fail altogether. The close relation between tickle and itchy skin noted 
during the asphyxia and coohng experiments, is corroborated. 

Spontaneous itching is not felt where pain to pin prick is dulled. It 
was conspicuously increased in one case of nerve damage where the response 
to pin prick was exaggerated. 


TABLE I. 


Name. 

1 

Diagnosis. 

Position 
of histamine 
puncture. 

Tickle. 

Touch. 

1 

1 

Pain. 

Spontan- 

eous 

itching. 

Itchy 

skin. 

H.M. 

Paraplegia 
from cord 

(1) Legs 

absent 

present 

duU 

absent 

absent 


tumour 

(2) Below 
umbilicus i 

reduced 

i 

present 

dull 

absent 

small area 

H.B. 

Brorrn 

Sfiquard 

sjmdrome 

Abdomen 

slight j 

present 

absent 

absent 

! 

small area 

W.C. 

Injury 

radial 

1 (1) Knuckle 

absent 

absent 

increased ! 

1 

increased ] 

absent 


nerve 

(2) Dorsum 
of hand 

slight 

slight 

dull 

absent 

1 

absent 

A.C. ' 

1 

Syringo- 

myelia 

(1) Shoulder 

(2) Face 

absent 

absent 

present 

slight 

duU 

absent 

absent 

absent 

absent 

absent 

G.M. 

Syringo- 

mj’elia 

Infra- 

clavicular 

absent 

present 

absent 

absent 

absent 

E.M. 

Cordo- 

tomy 

1 

Legs 

absent 

i 

1 

present 

1 

1 

absent 

absent 

absent 


The case of cordotomy is of particular interest. Preliminary testing 
showed that there was complete loss of pin prick and tickle over the affected 
area. The touch sensation was quite intact. Histamine puncture produced 
neither spontaneous itching, nor itchy skin. Since in this case onty the 
antero -lateral tracts were divided, these results must mean that the four 
sensations, ticlde, itchy skin, spontaneous itching, and pam are carried bj'^ it. 
This probably accounts for the fact that these four sensations tend to disappear 
together in cases of spinal tumour and syringomyelia although touch in the 
same area ma}^ remain little affected. 
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Anlipn, rifle sfafc. Lc™, Grant, »wl Marvin (7). rvora f.ral I" re|»>rl 
tie otnience ef a peefc slate of the skin, feliravmg ^ 
in which pnneture otWstamino failed to ptoflneo itelnng. 1 ns slaie, wine 
mar he cLremently termed " nntipmritic," is not pern, I, a, • io farad,™. In.t 
may be produced hr a large nninber of painful slnnul,. It seemed (o lie of 
sufficient interest to merit further experimental stmly . 

The state may he most conveniently induced in the shin, by npjd^in;: 
for 3 min. the end of a metal rod (1 cm. diam.) maintained at •in°C. by inenn.s 
of a 'srater iacket. Histamine punctured -within 10 cm. of the boated area, 
produces no spontaneous itching or itchy skin. There may be a reduction 
in their intensity and duration over a much more extensive area. Recovery 


from this state takes about 6 hours. 

A similar antipruritic state may be produced by a painful galvanic 
stimulus, or mechanically, by a strong blow on tlic slcin willi a ruler. Tiic 
state has been found to be antipruritic towards itching produced liy various 
methods (gnat bite, bium, freeze, and galvanism). 

The antipruritic state might arise locally from the direct .«timiilarion 
of nerve endings, or through the intermediary of a chemical substance. 
In the latter case, the application of the stimidus on a .smal] area of 
anesthetic skin should only delay the onset of the state until tiie an.ieatiictic 
had recovered. Repeated experiment has shown that the antipniritic state 
is not produced under these conditions. It is, therefore, concluded that tiic 
stimnlns producing antipruritic state does so through a direct action on tiio 
nerve endings. 

The antipruritic state might be produced tlirough local ner^’ous patliwav.s 
or those involving the spinal cord. The following experiment shows that the 
latter hypothesis is correct. Two adjacent forearm nerves are injected 
with novocain and the resulting area of anresthesia is mapped. A strong 
faradic stimulus is laid do-wn in the middle of this area, and at a corresponding 
point on the other arm. When the anaesthesia recovers (about H hour) 
histamine is punctured on either arm -within an inch of the points faradised. 
Normal itching occurs on the arm which was anaesthetised, but the control 
produces no itcliing since it has become antipruritic. An adequate stimulus 
has in this instance failed to produce the antipruritic state although the local 
nervous pathways remained open. It must, therefore, be produced through 
a spinal cord mechanism. 


The varied stimuli that -will produce an antipruritic state have in common 
the property of being painful. This suggests that these stimuli may act 
through the pain path-n-ay. The antipruritic state can in fact be induced 
in skin which only has pain sensation intact. The experiment is done on a 
finger -which has had the circulation arrested by means of a rubber band for 
1| hours. At this time practically all sensation except pain has been 
abolished, yet a normal antipruritic area is produced on faradising the 
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SuJEMARy. 

(1) When histamine is punctured into the sldn itchuig begins at the 
laoint of the puneture. The sldn uudely surrounding the puncture also 
undergoes a change, so that when gently rubbed it gives an abnormal itchy 
sensation. The former sensation is called spontaneous itching, and the 
latter itchy sldn. 

(2) Itchy sldn arises through a local nervous (axonic) pathway. This 
pathway is separate from that of hyperalgesia and the vascular flare. The 
nerves are arranged in a plexiforin manner. They do not belong to the 
S3nnpathetic sj^stem. 

(3) Itchj'^ sldn has been found around aU itching lesions examined, 
whether occurring naturally or produced deliberately. It is, therefore, 
considered to be an essential part of the itch sensation. 

(4) Itchj’^ skin may be abolished bj^ a degree of asph5’^xia which leaves 
spontaneous itching unaffected ; a similar dissociation ma}*^ be produced b}"^ 
coohng a nerve trunk. This indicates that the nerves carrying the two 
sensations arc separate. The ticlde sensation shows a close association 
with itch}’- skin in these experiments. 

(o) In clinical cases of sensorj’^ dissociation, itch}’- skm is not detected 
in areas where ticlde sensation is lost, even though touch may be retained. 
Spontaneous itching is not felt where pain to pin prick is defective. Tickle 
pain, spontaneous itching, and itchy sldn are aU conveyed in the antero- 
lateral tracts, since they all disappear when this is divided. 

(6) A state of skin in which itching is inhibited has been described. 
The inhibition is central m origin, and is probably produced through the 
pain nerves. 
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SOME OBSERVATIONS ON CLUBBED FINGERS. 

By mLTON MENDL0WITZ.=*= 

{Dcparlmenl of Clinical Bcscarcl, Vvivcrsihj College IJo.^}>ilal Medical 

School, Lo7idon.) 


Clubbed fingers are found associated nitli such diverse conditions as 
pleuro-pulmonaiy diseases of all lands, congenital heart disease, suhacntc 
bacterial endocarditis (4), post-thyroidcctoniy myxffideinn (1, 23), cirriiosis 
of the liver. especiaUy of the biliary type (2), and various chronic diarrhcuas. 
such as sprue (10), amcebic dysentery (12) and non-specific ulcerative colitis 
(23). They niaj* occur in the absence of these diseases as an hereditary 
abnormality, transmitted as a Mendelian dominant (0, 24). They may also 
be found in one extremity only, usually accomiianying an aneurysmal 
dilatation of the aiiery to that extremity (7, 14, IS). 

The immediate cause of the clubbing may be (1) a ncrvou.s mechanism, 

(2) a generalised chemical disturbance, manifesting it.sclf in the finger tips or 

(3) a circulatory disturbance. Assuming a single mechanism for all cases, 
it is difficult to explain unilateral clubbing on a chemical basi.s and bccau.se of 
the absence of demonstrable nerve lesions, difficult to explain bilateral 
clubbing on a nervous basis. This paper describes an investigation into 
the remaining possibility, namelj^ a disturbance in circulation. 

To investigate the possibihty that the blcodfloiv through all or a part 
of the fingers is altered in clubbing, skin temperatures U’erc mca.«urcd 
thermoelectricall}- noth the unit described bj’ Lem's (13) or the portable 
modification of Grant (5). Skin temperatures measured from the cxpo.scd 
hands of subjects at rest in bed showed very mdc variation.s, as did the air 
temperatures to which they were exposed ; and it was impossible to establish 
any difference between the finger temperatures of subjects nith and Avithout 
clubbing in this way. Skin temperatures measured from the tips and base.s 
of the fingers Avere also very similar in normal and clubbed fingers, Avhen 
sympathetic vasoconstrictor tone had been removed from the hand by 
immersing the other arm in water at 43 to 45°C. for about 30 minutes a 
time sufficient to allow the finger temperatures to reach a plateau. Skin 

temperature is not, however, especially at this plateau level, a very delicate 
mdex of bloodflow. 


* Aided by a grant from the Emanuel Libman Fellowship Fund. Kew York. 
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A more delicate method for estimating bloodflow under these conditions 
is that described by Stewart (22). Accordingly, the heat elimination from 
the hand, from which vasoconstrictor tone had been removed by warming 
the bod}’^, was measured in 8 cases of clubbing, using the procedure described 
by Pickering (20). The heat elimination measured under these conditions 
is referred to throughout this paper as the maximum heat elimination. 
Table I compares the maximum heat elimination from the hand of the 

TABLE I. 


Maximitm heat elimination oj the hand. 


Control subjects (Pickering). 

Clubbed finger cases.* 


Ago 

Calorics 



Age 

Calories 


Subject. 

and 

perlOOo.c. 

Diagnosis. 

Subject. 

and 

perl00c.c. 

Diagnosis. 


sex. 

per min. 



sex. 

per min. 


H.S. 

17 M. 

106 

Normal. 

m.:m. 

16 M. 

77 

Bronchiectasis. 

M.W. 

22 F. 

130 

SjTiovitis. 

J.C. 

17 M. 

57 

Bronchiectasis. 

E.B. 

24 M. 

108 

Normal. 

JLC. 

22 M. 

122 

Bronchiectasis. 

G.B. 

26 F. 

130 

Pyelitis. 

E.B. 

30 F. 

133 

Bronchiectasis. 

G.P. 

31 M. 

100 

Normal. 

C.T. 

38 M. 

45 

Pul. tuberculosis. 

J.S. 

31 M. 

87 

Gastritis. 

H.P. 

43 M. 

87 

Empyema. 

P.B. 

34 M. 

110 

Normal. 

E.T. 

45 M. 

67 

Empyema and 








bronchitis. 

F.B. 

40 F. 

129 

Normal. 

W.L. 

50 M. 

68 

Empj'ema. 

F.M. 

44 

71 

Gastric ulcer. 





W.H. 

47 

90 

Gastric ulcer. 





A.H. 

61 M. 

122 

Gastric ulcer. 





H.H. 

51 F. 

78 

Hernia. 





A.W. 

62 F. 

128 

Biliary cirrhosis. 





B.A. 

54 M. 

118 

Cholecj-stitis. 





J.H. 

66 M. 

63 

Gastric ulcer. 





B.D. 

58 M. 

118 

Gastric ulcer. 





D.B. 

58 F. 

79 

Diabetes. 





A.M. 

62 M. 

42 

Carcinoma of 








stomach. 





E.B. 

62 F. 

08 

Gastritis. 





A.D. 

63 F. 

89 

Diabetes. 





F.D. 

69 F. 

83 

Betinalthrom- 








bosis. 






* SUidied tlirovigh the courtesy of Prof. F. G. Chandler. 


patients with clubbed fingers and the maximum heat elimination obtained 
in the same way by Pickering (20) in a series of normal subjects. Although 
the values for maximum heat elimination per 100 c.c. of hand volume in the 
subjects with clubbed fingers fall within the normal range, this range is very 
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M-ide. It is clear, therefore, that any abnormality in bloodflow confined to 
the finger tips may not be demonstrable in measurements of heat elimination 
from the -n^hole hand. 

To measure the heat elimination from the finger tip the following 
calorimeter was devised (Fig. 1). 



Fig. 1. ( X 1/3). A rimmed polished aluminium cup, 4-5 cm. across and 6-5 cm. deep, is 
covered •n-ith a piece of thin rubber (M), moderately stretched over the rim and securely 
tied. A hole, approximately 1 cm. across, is burned through the centre and two smaller 
holes, about 3 mm. each across and 1 cm. apart, are burned near the edge of this rubber 
diaphragm. The burned edges are wiped clean with ether. To stir, a glass rod (S) is used, 
to the bottom of which is attached at a right angle a piece of thick copper wire bent to the 
arc of a circle of slightly smaller radius than that of the cup. A gap between the free end 
of the wire and the rod allows space for the bulb of the thei-mometer (T). This stirrer is 
inserted through one of the lateral holes in the rubber dam and a piece of close fitting glass 
tubing is slipped over the rod and is fixed in the hole of the rubber diaphragm by a piece of 
rubber tubing. The rod is moistened with a little glycerine, which as it mixes with the 
water makes a good lubricant. 

The cup is surrounded with broken cork in a box (16 X 16 X 16 cm.). A large thermo- 
meter graduated to hundredths of a degree is suspended from a ring stand into the cup, 
passing through the other lateral hole in the rubber diaphragm to the bottom of the cup, 
the bulb of the thermometer being thus completely below the diaphragm. The cup is now 
filled to the top with water at a temperature such that the final temperature of the 
calorimeter and its contents is about 30-0°C.. 5 c.c. of water is then removed. 


The patient is sitting up in bed and before and during the period of 
calorimetry bis left arm is immersed in stirred water at 43 to 45 °C.. When 
the patient begins to sweat (15 to 25 minutes), a finger, usually the fourth 
of the right band, is inserted into the central bole in the rubber diaphragm 
dotvn to the first volar crease. The position of the forearm, wrist and band, 
as well as that of the box, is adjusted so that the arm rests comfortably on 
the edge of the bed and the finger bangs perpendicularly into the cup. 
Cotton wool is packed loosely aroimd the band and over the cup and broken 
cork. 

Stirring is now begun at the rate of about 200 strokes per minute and 
after a few minutes the rise in temperature per minute is recorded. The 
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first reading is usually taken at about 30-40 °C. and the last at about 31-60°C.. 
The rise is steady, tending to be slightly less at the upper than at the lower 
level of temperature. The measurements are usually made over a period of 
from 6 to 10 minutes, depend on the rate of temperature rise. At the end 
of this time the finger is removed, the level of immersion marked with ink 
and a small cork inserted into the central hole in the diaphragm. Stirring 
is again begun and the fall in temperature per minute recorded over a period 
of 6 minutes. If the room temperature is above 20°C., the fall is usually 
0-06° to 0-08°C. per minute, although at temperatures below 20° it may be 
as great as 0-10°C. per minute. The surface area of the finger is measured 
by covering the immersed part with strips of adhesive tape, the areas of 
which are subsequently measured. The volume is determined by noting 
how much water the immersed finger tip displaces. The volume of the water 
in the calorimeter is also measured (98 to 104 c.c.). 

The maximum heat elimination of the finger tip is calculated from the 
followmg formula : M H E = (W + W E) x (H -b h), in which W is the 
volume of water in the cup, W E is the hydrothermic equivalent of the cup, 
the wire and the thermometer bulb (the glass rod is neglected), H, the average 

TABLE II. 


Maximum heat elimination of the finger tip. 


i 

1 

Subject. 

1 

Date. i 

i 

1 

SIHE. 

1 per c.c. 

1 per min. 

1 aiHE. 

( per sq. cm. 
j per min. 

Diagnosis. 

H.M. 

1 I 

16.6.3S 

1 

i 

4-67 cal. 

l’C5 cal. 

' Normal, 

i 

1 

I9.7.3S 

4-81 

I 1-63 

1 

A.H. 1 

19.7.38 

3-81 1 

i 1-47 1 

1 : 

j Xormal. 


i 20.7.38 

4-07 j 

i 1-32 : 

' 1 


P.W. 

i 

24.5.38 

3-80 

! 1-51 

Normal. 

1 

j 

10.8.38 I 

3-85 j 

1-47 


A.L. 

1 

20.5.38 

3-61 1 

1 

1-49 j 

Normal. 

1 

i 

20.6.38 

3-78 i 

1 

1-39 j 

1 



rise in temperature per minute and h, the average fall in temperature per 
minute after the finger has been removed. M H E is divided by the surface 
area for calories per sq. cm. per minute and by the volume for calories per c.c. 
per minute. Table II shows the M H E of four normal subjects, each 
estimated on two occasions. 

Table III shows the M H E of clubbed and normal fingers. The normal 
range is much narrower for the finger than for the hand. The measurements 
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per unit surface area, moreover, are less variable tban tbose per unit volume. 
They are also more relevant because only the surface and not the deeper 
tissues are concerned in heat elimination. The maximum heat eliminations 
of clubbed lingers secondary to pleuro -pulmonary and congenital heart 
disease are in most instances definitely above the upper limits of normal, 
although there are a few which fall within the upper normal range. We can 
conclude from this that the bloodfiow per unit surface under these conditions 
is greater in the clubbed than in the normal finger tip. JSTo relationship can 
be established between the degree of increase in flow and the degree of 
clubbing. In fact, some of the highest readings were obtained in fingers 
with only slight clubbing. 


TABLE m. 


Maximum heat elimination of the finger tip. 



Age 



3IHE. 

1 MHE, 



Subject. 

and 

3Iouth 

Pulse 

per c.c. 

per sq.cm. 

Clubbing. 

Diagnosis. 


sex. 

temp. 

rate. 

per min. 

1 per min. 



P.W. 

IS 31. 

OOA'F 

84 

3-80 cal. 

j 1-51 cal. 

0 

Xormal. 

D.S. 

18 31. 

99-4 

88 

3-96 

1 1-40 

0 

Nomial. 

B.B. 

19 F. 

99-0 

88 

6-14 

i 1-83 

0 

Normal. 

A.L. 

19 31. 

9S-8 

76 

3-78 

1 1-39 

0 

Normal. 

S.E. 

23 31. 

99-2 

92 

4-78 

i 1-76 

0 

Normal. 

A.E. 

23 31. 

99-2 

92 

4*55 

1 1-74 

0 

Normal. 

M.W. 

24 31. 

99-4 

70 

6-19 

1-80 

0 

Normal. 

AV.P. 

25 31. 

99-2 

72 

3-62 

, 1-43 

0 

Normal. 

A.JI. 

30 31. 

99-4 

88 

5-13 

1 1-87 

0 

Normal. 

JI.3I. 

30 31. 

99-3 

98 

4-67 

1 1-65 

0 

Normal. 

A.H. 

30 31. 

99-2 

SO 

4-07 

1 1-32 

1 

0 

Normal. 

C.B. 

20 31. 

990 

104 

6-11 

j 1-93 

-r-r-r 

Congenital heart 






' 


disease. 

T.B. 

22 31. 

990 

108 

0-15 

, 2-09 

4" "T -T 

Bronchiectasis. 

D.N. 

22 F. 

99-0 

120 

6-05 

■: 2-23 


Lxmg abscess. 

D.C. 

20 F. 

99-0 

108 

6-35 

2-43 

+ 

Bronchiectasis. 

N.jr. 

30 F. 

99-7 

100 

5'77 

1 2-08 


Bronchiectasis. 

L.B. 

R.G. 

32 31. 

30 31. 

990 

98-8 

104 

88 

o09 

o*l7 

1-81 

2-09 

-f+ 

-f-f -f-r 

Empyema. 

Bronchiectasis. 

F.T. 

30 31. 

99-6 

132 

4-37 

1-60 

+ + + 

Empyema 

Hj-pertrophic 

S.P. 

3S 31. 

100-1 

120 


1 


osteoarthropathv. 

5-82 

2-08 

-f -f 

Pulmonary tuber- 

J.B. 





• 


culosis. 

40 31. 

99-0 

108 

4-91 

1-98 

-r-r 

Bronchiectasis. 

A..N, 

50 31. 

100-2 

IIG 

5-09 

' 1-61 
i 

"T 4- 

Lung abscess. 


Since the bloodfiow in the finger tip is directly proportional to the digital 
arterial pressme and inversely proportional to the resistance in the digital 
vessels, it seemed desirable to compare the digital arterial pressures of normal 
with those of clubbed fingers. The digital systolic arterial pressure may be 
measured by the method of Gaertner (3). A metal cufi" lined with a rubber 
membrane is fitted over the nuddle phalanx of the finger (usually the 4th) 
after it has been blanched by rolling a tight rubber band over it to the base. 
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The cuff is inflated to a pressure above systolic and the rubber band is 
severed. As the pressure is slowly lowered the point is noted when the tip 
of the Anger suddenly flushes. The diastolic pressure may also be measured 
with Gaertner’s capsule. When the blood pressure is taken in the arm, 
throbbing usually starts somewhere above systolic pressure but always stops 
abruptly at the diastolic pressure as measured by the auscultatory method. 
When, in the warm finger, the pressure in the Gaertner capsule is gradually 
reduced from above systolic pressure, throbbing becomes distinct and then 
abruptly disappears as the pressure falls. The point at which throbbing 
disappears is taken as the diastolic pressure in the digital artery. 

Table IV summarises pressures recorded from the upper arm by the 
auscultatory method and from the finger by the methods described. All 
these pressures represent readings obtained from one upper extremity after 
the other had been immersed in hot water long enough to produce generalised 
cutaneous vasodilatation. Both systolic and diastolic pressure gradients 
from the arm to the finger were definitely less than normal in all cases of 
clubbing associated with lung or congenital heart disease. The difference 

TABLE IV. 


Arterial blood pressure after warming. 


Subject. 1 

Age 

and 

S3X. 

Brachial 

mm.Hg. 

Digital 

mm.Hg. 

1 

Gradient (mm.Hg.) 

1 

j 1 

1 Clubbing’ 

1 1 

Diagnosis. 

j Systolic. 

Diastolic. 

P.W. 

i 

; ISM. 

102/74 

i 

i 88/40 

! 

14 

j 

34 ' 

1 

Xone 

Normal. 

D.S. 

ISM. 

125/84 

j 96/52 

29 

32 


Normal. 

B.B. 

19 F. 

135/94 

■ 110/76 

25 

18 


Normal. 

A.L. 

' 19 M. 

114/82 

; 106/52 

S 

30 


Normal. 

S.B. 

23 M. 

132/S6 

116/60 

16 

26 


Normal. 

A.R. 

1 23 M. 

' 112/82 

84/70 

28 

12 


Normal. 

M.W. 

' 21 M. 

, 128/80 

102/60 

26 

20 


Normal. 

W.P. 

I 25 M. 

118/85 

102/64 

16 

21 

yf 

Normal. 

B.W. 

1 25 M. 

. 116/84 

85/40 

31 

44 

yy 

Normal. 

G.S. 

! 26 M. 

j 150/76 

110/66 

40 

i 10 

yy 

Graves’ disease. 

E.B. 

28 F. 

1 130/76 

98/25 

32 

51 


Ansmia. 

A.M. 

SOM. 

1 118/90 

! 96/60 

22 

30 

yy 

Normal. 


SOM. 

1 116/86 

98/54 

18 

32 


Normal. 

A.H. 

SOM. 

1 124/90 1 

100/35 

24 

DO 


Normal. 

C.H. 

32 M. 

1 

1 135/95 ! 

104/76 

31 

19 

yy 

Haemophilia. Xo 
ancemia. 

W.C. 

, 32 

i 

210/160 

210/155 

0 

5 

yy 

^Malignant hyperten- 
sion. Acromegaly. 

A.M. i 

32 M. 

124/82 

105/45 

19 

37 

yy 

Normal. 

F.C. 

34 F. 

175/130 j 

148/104 

27 

26 

yy 

Essential hyper- 
tension. 

P.S. 

36 F. 

: 155/100 j 

i 

1 

115/75 

) 

40 

25 


Essential hyperten- 
sion. Erj-throcya- 
nosis. 

C.M. 

42 M. 1 

122/84 i 

100/56 i 

22 

28 

yy 

Neurasthenia. 

E.H. 

54 F. I 

210/135 j 180/95 

30 

40 

” 1 

Essential hj-per- 
tension. 

E.C. 

55 F. i 

165/1201 

t 

! 

135/100 

30 

20 ; 

1 

1 

” 1 

I 

Essential hj-per- 
tension. 
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TABLE rV (continued). 


Subject. 

Age 

and 

Sex. 

Brachial 

mm.Hg. 



Clubbing 

Diagnosis. 

Sj'Htolic. 

Diastolic. 

C.B.* 

20 M. 

102/88 

92/66 

10 

22 

» ^ 

Congenital heart 
disease. 

D.R. 

21 F. 


88/64 

17 

S 

-r 

Pulmonary tuber- 
culosis. 

T.B. 

22 M. 

104/74 

104/58 

0 

16 


Bronchiectasis. 

D.X. 

22 F. 

125/74 

116/66 

110/84 

9 

8 

-f-r 

Lung abscess. 

A.V. 

24 F. 

128/86 

18 

2 

-t- 

Bronchiectasis ? 
Raynauds’ disease. 
Bilateral sympath- 
ectomy. 

D.C. 

26 F. 

136/92 

128/94 

8 

_2 

-r 

Bronchiectasis. 

AI.D. 

28 F. 


138/90 

17 

20 

++ 

Lung abscess. 

J.5I. 

30 m:. 

130/85 

116/86 

14 

-1 


Litng abscess. 

E.R. 

30 F. 

105/70 

100/55 

5 

15 

■f -r 

Bronchiectasis. 

N.AI. 

30 F. 

128/90 

122/74 

6 

16 

-b 

Bronchiectasis, 

L.B. 

32 31. 

138/80 

124/72 

14 

8 


Empyema. 

T.P. 

35 31. 

110/80 

95/75 

15 

5 

“h -f -r 

Empyema. 

F.T. 

36 31. 

124/6S 

95/65 

29 

3 

+++ 

Empyema. Hyper- 
trophic osteo- 
arthropathy. 

B.G. 

36 31. 

142/90 

126/80 

16 

10 

4- 4- -1-4- 

Bronchiectasis. 

S.P. 

38 31. 


108/74 

4 

6 


Pulmonary tuber- 
culosis. 

P.A. 

43 31. 


160/75 

40 

45 

T-h*r‘f 

Essential hyperten- 
sion. Hereditary 
clubbing. 

W.B. 

45 31. 

130/84? 

102/78? 

28 

6 

-f-f 

3Iitral stenosis. 
Auricular fibrillation. 
Congestive heart 
. failure. 
Bronchiectasis. 

J.B. 

46 31. 

136/90 

124/76 

12 

14 


Bronchiectasis. 

A.X. 

50 31. 

126/98 

102/82 

24 

16 

-t- 

Limg abscess. 

W.L. 

50 31. 

126/78 

110/85 

16 

—7 

-r-r-r 

Kmpvema. 

J.A, 

54 31. 

140/90 

110/35 

30 

o5 

-r-r-h-j- 

Hereditary clubbing. 


* These cases were studied through the courtesy of Air. J. E. H. Koberts, Mr. A. J. Alorland 
and Air. R. S. Pilcher. 


betvreen these gradients iras due to abnormally high digital rather than to low 
brachial pressures in patients with clubbed fingers. The degree of elevation 
of digital arterial pressure was usually correlated with the degree of increase 
in maximum heat elimination. In two eases of hereditary clubbing,* the 
gradients were normal, despite the co-existence of hypertension in one of 
these cases. In 3 patients with essential hypertension, the gradient was 
normal, but in one patient with malignant hypertension complicating 
acromegaly, the gradient was much decreased. Similar findings in several 
cases of malignant hypertension with relation to the systolic gradient were 
reported by Oppenheimer and Prinzmetal (19). In all the other cases tested, 
such as anfemia and Graves’ disease, the gradients were within normal limits. 


* Studied through the courtesj’ of Dr. D. IV. Seaton of Leeds. 
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Clubbed fingers occurring symmetrically in patients -witb lung or 
congenital heart disease thus seem to differ from the normal in two features. 
Eirst, when sympathetic vasoconstrictor tone is removed from the fingers 
by raising body temperature, the rate of bloodflow through the finger tip 
is abnormally great. Second, under the same circumstances, the fall of 
pressure from brachial to digital arteries is abnormally small. 

In addition to the studies made on cases of bilateral, clubbing of the 
fingers, an opportunity was presented of studjdng 4 cases of unilateral 
clubbing of the fingers. Because of their special interest, these cases are 
reported in detail. 

Case 1*. G.A., a man of 69 years, was admitted in June, 1937, suffering 

from an aneurysm presenting in the right subclavian triangle. He complained 
of pain in the right shoulder of G months’ duration, the pain having spread 
to the arm and hand in the last 3 months. The pain was described as a 
severe and continuous ache. He had also experienced pins and needles and 
numbness of all the right fingers, but especially the 4th and 5th fingers. 
Tenderness of the fingers, swelling of the hand and increased curvature of 
the nails had been noticed for 3 months. 

The aneur3^sm presented itself as a large, firm, tender swelling, showing 
expansile pulsation m the right subclavian triangle. The heart presented 
few signs of enlargement, but there was retrosternal duLness at the level of 
the second interspace. A roentgenogram showed the aortic loiob to be 
normal ; above tins an abnormal shadow projected to the right and left 
of the sternum, corresponding to the dulness. A roentgenogram taken 
14 months previously showed no such shadow. The pulse was regular and 
equal in the two arms, and the brachial blood pressures were 130/75 on the 
left and 125/80 on the right. The Wassermann reaction was positive. 

The right arm was swollen. The veins of the right arm were more 
prominent than those of the left. Pitting was just distinct on the hand and 
arm as high as the elbow. A slight general swelling of the hand was noticed ; 
swelling of the right fingers was obvious. On the right side the wrinkles 
of the sldn of the fingers at the joints were much reduced, and the skin 
was tender. All five fingers of the right hand were clubbed. The increased 
curvature of the nails is well displayed in the photographs (Fig. 2 and 3). 
Measurements of the nails showed aU 5 to be increased in length and breadth 
on the right side, the differences varying between 3 and 6 mm.. A 
roentgenogram of the hands showed rarefaction of all the right bones ; there 
was no other change except measurable shortening of 2 terminal phalanges 
on the right side. 

The man stated, and observation confirmed him, that the right hand was 
ordinarily warmer than the left. The hands were exposed symmetrically 
on the bed, after being thoroughly and equally warmed beneath the clothes ; 
at the end of 35 minutes, the right hand and arm were still quite warm, but 


* I am indebted to Sir Thomas Lewis for these notes of his observations on this case. 
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the left hand and arm were obviously colder. This test vas repeated -ivith 
similar result on several subsequent days. 

In this case the decreased cooling of the involved hand in response to lorr 
environmental temperatiu-e vas probably a manifestation of involvement of 
the sympathetic nerves to the upper extremity. It is to be noted that there 
■was also venous and perhaps lymphatic obstruction. 

Case 2. W.B., a man of 50, was admitted to the hospital complaining 

of breathlessness on slight exertion and attacks of precordial pain radiating 
to the left shoulder and down the left arm of 8 months’ duration. Tor a 
month he had also experienced a more steady aching pain in the right shoidder. 

The patient presented the signs of free aortic regurgitation, namely, 
waterhammer pulse, enlarged heart, and basal diastolic murmer. There 
were rales at both lung bases. The Wassermann test was positive. A 
roentgenogram of the chest showed enlargement of the left ventricle and 
dilatation of the aorta. There was moderate clubbing of aU the fingers of 
the right hand and some shortening of the distal phalanges. The left hand 
was normal in appearance, except for a partial amputation of the distal 
phalanx of the index finger due to an accident at work. 

The temperatures of the dorsal surfaces of the distal phalanges of the 
third finger of each hand were measured thermo-electricaUy. No significant 
difierences were found between the two sides either imder ordinary conditions 
or after the body had been thoroughly warmed by placing both feet in water 
at 43 °C. for i an hour. The bloodflow to the fingers was measiured in both 
hands by the method described by Grant (6) at a bath temperature of 31 °C.. 
The volume flow was moderately less in the clubbed fingers of the right than 
in the fingers of the left hand. The maximum heat eliminations of the tips of 
the 4th fingers of both hands were measured by the method already described. 
On the right, the readings were 2-90 calories per c.c. per minute and 0-97 
calories per sq. cm. per minute. On the left they were 3-89 calories per c.c. 
per minute and 1T6 calories per sq. cm. per minute. The pulsations of the 
radial and brachial arteries were definitely greater on the right than on the 
left side. Because of the aortic insufficiency, it was difficult to determine the 
brachial diastolic pressures of either arm exactly. Under ordinary conditions 
the brachial and digital pressures on each side were as follows ; — 



Brachial. 

Digital (4th) 

Systolic gradient. 

Kiglit 

190 

165 

25 

Left 

V 

180 

75 

150 

30 


j 

70 


After ■n-arming the body the 

pressures Tvere : — 



Riglit 

165 

125 

40 



65 


Left 

150 

125 

25 


5 

65 
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It is apparent here that the maximum hloodflow was below the limits 
of normal in the fingers of both hands and lower in the clubbed than in the 
normal. There were, on the other hand, no essential differences in the 
digital arterial pressures under the same conditions. 

Ga^e 3.* M.M., a 60 year old houseudfe, complained of moderate aching 
pain in the left forearm and hand. The left arm and hand had been swollen, 
the veins of the left forearm prominent, and the finger nails of the left hand, 
curved as long as she could remember. In various regions of the forearm 
and hand she had developed " tumours,” which grew larger and ached when 
the hand was dependent or cold. Sometimes a “ tumour ” became dis- 
coloured, more swollen, and acutely painful and tender for a few weelcs. 
When she Avas a child, one of these swelling burst vdthin the forearm, which 
became very sAvoUen and irregularly blue. Eight j’^ears before admission 
a lipoma in the left scapular region, together with several bluish grape-like 
excrescenses in the left axilla were removed surgically. The scapular ti;mour 
recurred and was removed 4 years later. 

The entire left forearm and hand Avas larger than the right. There was 
slight pitting on pressure in the A\Tist and hand. Tlie veins of the arm and 
forearm especially on the dorsal surfaces were much dilated. Valves were 
demonstrable in the normal veins on the volar aspect of the forearm but not 
in the dilated ones on the dorsal aspect. There were several swellings ranging 
in size from a plum to a grape in the subcutaneous tissues of the left forearm 
and hand. Some of these were firm and fibrous whereas others were soft 
and fluctuating. Some of the softer ones had a bluish tint. When a cuff 
was applied to the arm at a pressure of 30 mm. of mercury, the swellings 
became engorged AAith blood. The index and middle fingers of the left 
hand were conspicuously clubbed (Fig. 4). The thumb and ring finger were 
only moderately clubbed, whereas the 5th finger did not appear to be clubbed 
at all. The nail beds AA^ere cyanotic and more deeply cyanotic in the more 
clubbed fingers. Under the nail of the index finger there was a sphnter 
hsemorrhage AAdiich subsequently disappeared. The X-ray revealed calcifica- 
tions in the soft tissues of the hand as well as an increase in AAudth and length 
of the distal phalanges of the index and middle fingers. When the patient 
was seen 6 months later she complained of pain below the left elbow. This 
was apparently due to a thrombosis of a Amricosity. 

When the hands were equally exposed, no difference in temperature 
betAA'een the two was discernable from palpation or from thermo-electric 
measurements. The left hand, hoAA'ever, cooled somcAA'hat more quickly 
than the right, due probably to its increased surface area. There were no 
significant differences in the heat eliminations of the two hands. The 


* I am indebted for this case to Afiss A. L. AA'^inner. 
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maximum heat eliminations of the right and left third finger tips Avere as 
follows : — 

Eight — 1-35 calories per sq. cm. per minute. 

3-9o calories per c.c. per minute. 

Left 1-49 calories per sq. cm. per minute. 

3-23 calories per c.c. per minute. 

The volume of the left finger tip was considerable greater than that of the 
right so that the ratio of surface to volume was smaller on the left. Because 
of fluctuating brachial and digital blood pressures, those measured before 
warming the body were unsatisfactorj'. 

After warming they were : — 


Brachial 

4/A digital 

Gradient 

140 

114 

systolic 

26 

diastolic 

35 

So 

50 

5/A digital 

122 

50 

18 

35 

13S 

4/A digital 

122 

16 

33 

85 

52 

5/A digital 

122 

16 

33 


52 




It is clear from the measurements, that the maximum bloodflow to 
the clubbed finger tip was moderately greater than that to the normal. 
Since surface area is the important factor in this determination, it is safe to 
disregard the result per unit volume. There was no significant change, 
however, in the digital arterial pressures, as between the clubbed and 
unclubbed fingers of the same hand or of different hands, and the gradients 
Avere all AAithin normal limits. The increase in maximum blood flow in the 
clubbed finger must therefore be due to a decrease in the total vascular 
resistance, AA'hich implies increased calibre of the digital vessels. 

Several points in this case deserve emphasis. In the few such cases 
(Asuthout recognisable clubbing) reported AAith autopsy (11, 17), there was 
dilatation of the arteries as AveU as the veins. Souques’s (21) case of 
phlebectasia A\-ith unilateral clubbing includes no autopsy report. It is 
possible that in oiu- case as well as in his, there was associated but unrecognised 
dilatation of the arteries as well as of the veins. In our case, the variations 
in the clubbing between the different fingers, the splinter hsemorrhage 
beneath one of the nails and the calcification seen in the soft tissues of the 
hand b}' X-ray are evidence in favour of this Ariew. 
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Case 4.* W.C., a 48 year old man, was admitted to the hospital for 
the second time complaining of pain in the right upper chest, right shoulder 
and arm, and of cough. He had been well until 8 months previously, when 
he began to experience aching pain in the right upper chest anteriorly. 
Several weeks later, he noticed a spread of the pain to the right shoulder 
and arm nith h'mitation of movement of the shoulder because of the 
pain. At his previous admission, bronchoscopy and X-ray revealed the 
presence of a carcinoma of the right upper lobe bronchus ; a right 
pleural effusion was tapped and replaced by air. There was no clubbing 
at that time. 

On examination, during his second admission, there was a right Horner’s 
syndrome. There was dulness, diminished breath sounds and diminished 
fremitus over the right upper lobe and at the right base posteriorly. The 
right supra-clavicular fossa was found obliterated by a firm mass, fixed to 
the underlying structures. Movements of the right shoulder were limited. 
There was tenderness along the upper border of the right trapezius muscle 
and in the region of the second right rib anteriorly. The right external 
jugular vein was more distended than the left. 

The right hand was slightly but definitely larger than the left and the 
patient was unable to flex the right fingers as completely as the left. The 
fingers of the right hand were measurably thicker throughout their length 
than those of the left and the tips of the fingers of the right hand were shghtly 
but definitely clubbed, which was confirmed by the measurably greater 
diameters of the nails of the right hand. A roentgenogram showed no 
changes in the bones. There was hypjesthesia and hypalgesia of the dorsal 
surfaces of the 3rd and 4th distal phalanges of the right hand. Except for 
the sympathetic nervous S3^stem changes to be described, there were no other 
neurological abnormahties. 

The fingers of the right hand were warmer and the veins on the dorsum 
of that hand more distended than on the left when the body was cool. When, 
however, the body was warmed by placing both feet in a water bath at 
43 to 45°C. for -J- an hour, the left hand became warmer and the veins on the 
dorsum of the left hand more distended than on the right. These changes 
in temperature were repeatedly confirmed thermo-electrically as well as by 
measurements of heat ehmination. The antecubital venous pressure 
measured by the direct method was 8-5 cm. of water on the left and 8-1 cm. 
on the right. When the body was thoroughly warmed in a heating cabinet, 
there was no sweating over the right side of the face and neck, or over the 
right upper extremity. The blood pressures before and after warming the 
body were as follows : — 


* Reported vrith the kind permission of Dr. Cliarles ^lUler. 
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Before tcanning. 



Brachial 

Digital (Sntf) 

systolic 

Gradient 

diastolic 

Eight 

115 

92 

23 

10 


85 

75 



Left 

110 

92 

18 

5 


85 

80 





Afie.r tcarmtngr. 



Eight 

105 

85 

20 

5 


SO 

75 



Left 

105 

So 

20 

7 


82 

75 




In this case, there rvas a pulmonary lesion •vrhich in itself is capable of 
producing bilateral clubbing. We have reason to believe that the increase 
in digital arterial pressure and decrease in gradient is present in bilateral 
clubbing of pulmonary origin before the clubbing becomes clinically manifest. 
In this case, there vas such a decrease in gradient in both upper extremities, 
despite the fact that there vas no clinically detectable clubbing in the fingers 
of the left hand. 

It is knoTvn that nerve section (15) or neuritis (16) can accelerate clubbing 
in the fingers affected by the nerve lesion. In this case, it is likely that the 
pathological sympathectomy effected by the tumour, accelerated the 
clubbing on the right and that if the circulatory status remained imchanged 
for a sufficient length of time, clubbing of the other side uould eventually 
have developed. 

It is clear then, from these cases as veil as from those reported by 
other vorkers (7, 14, 18), that there is no constant difference in bloodflov 
under ordinary environmental conditions betveen the normal and clubbed 
fingers in unilateral clubbing. There is also no constant increase in the 
maximum heat elimination and no change in the blood pressme gradient 
in these cases. There are three possible explanations for this difference 
betveen bilateral and unilateral clubbing. First, it is possible that the 
changes observed in the bilateral cases are due to chance and are not signifi- 
cant. The number of cases and the constancy of the results make this very 
unlikely. Second, it may be that the unil ateral cases differ fundamentally 
in mechanism from the bilateral. Third, it is possible that the factors 
operating in bilateral and unilateral clubbing are initially the same, but that, 
in the unilateral cases, complicating factors subsequently obscure the original 
ones. Some of these complicating factors are arterial obstruction by 
thrombi, venous and lymphatic obstruction, and nerve lesions. Only 
further vork, especially on the early course of these rare cases, can decide 
tlu's issue. 
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STJMjMABY. 

1. The response of the Hood vessels in clubbed fingers to environmental 
temperature changes is qualitatively normal and the maximum heat 
eliminations of the hands of patients nitb clubbed fingers are within normal 
limits. 

2. The maximum heat elimination and hence the bloodflow of the distal 
phalanges of clubbed fingers secondary to lung or congenital heart disease is 
usually increased. 

3. The digital arterial pressure is increased and the brachial-digital 
arterial pressure gradient decreased in clubbing secondary to lung or 
congenital heart disease. In hereditary clubbing these pressures and 
gradients are normal. 

4. The bloodflov of the unilateral^ clubbed finger tip, as indicated by 
maximum heat elimination may be increased or decreased. No significant 
change %vas found in the blood pressure gradient except for a bilateral 
decrease in a case interpreted to be bilateral clubbing vith acceleration of 
the process in the fingers of one hand due to a sympathetic nerve lesion. 
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THE RATE OE BLOOD FLOW IN NORMAL FINGERS.* 


R. W. WILKINS (Baltimore), J. DOUPE (Winnipeg) 
and H. W. NEWjMAN (San Francisco). 

{Research Unit, National Hospital, Queen Square, London.) 


Introdiiction. 

The fingers Lave an extraordinarily rich vascular supply vhich is subject 
to marked vasomotor fluctuations. Studies of the rate of blood flow to the 
whole hand imder various local and sj^stemic conditions have been numerous 
and complete. It was desired, however, to determine the blood flow to the 
fingers without including the muscles of the hand. The method of Hewlett 
and Van .^walnwenhiurg (4) has been adapted so that repeated quantitative 
measurements of the rate of blood flow to a single finger could he made every 
few seconds, care being taken to avoid reactive hyperaemia. 

Method. 

A Gsertner’s capsule, namely, a finger blood pressure cuff, was placed 
around the proximal phalanx of the finger. A smaU, light, glass plethysmo- 
graph was then carefully fitted to the last two phalanges of the finger, as 
close to the cuff as possible, using thick vasehne to make the seal. Particular 
care was taken that there was no compression of the finger at the seal. 
Tills was verified repeatedly throughout the course of each experiment bj’’ 
showing that pressure within the cuff of as little as 10 mm. Hg. was suflicient 
to cause an increase in volume of the finger within the plethysmograph. 
The plethysmograph was connected by pressure tubing with a light tambour 
bearing a mirror which reflected the image of an illuminated sht on moving 
bromide paper. After the plethysmograph had been adjusted, the system 
was cahbrated by injecting into it measured amounts (0-05 c.c.) of air from 
a graduated tuberculin syringe. It was found that the reflected beam moved 
in direct linear proportion to the amount of air injected, and that the pressure 
produced in the S 3 'stem never exceeded 5 cm. H 2 O.. By means of a 3-vray 
cock, air from a pressure tank at less than diastohc pressure could be suddenlj’ 

* Work carried out during tlie tenure of a Fellowship from the American College of Phvsicians 
by Dr. \\ ilkms, of a Halley Stewart Kesearch Fellowship by Dr. Doupe, and of a Kockefeller 
Foundation Fellowship by Dr. Xewman. 

The authors desue to express their gratitude to Dr. E. Arnold Carmichael, under whose 
direction this work has been done. 
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turned into or out of the Gfertner’s capsule. The amount of this pressure 
was also recorded by means of a heavy tambour and mirror in the same 
optical system. Smce the pressure was great enough to stop temporarily 
the venous outflow, but not great enough to impede arterial inflow, the 
finger swelled inside the plethj^smograph and caused the reflected beam to 
move across the record. The rate at which it moved was a measure of the 
rate of blood flow into the finger. This could be calculated, using the volume 
of the finger in the plethysmograph, which was obtained at the end of each 
experiment b}’^ measuring the volume of water which the finger displaced. 
The calculated flow was expressed in c.c. per minute per 10 c.c. of finger 
volume. It was found that, using this method of measuring blood flow, 
result? of great constancy could be obtained when the finger vessels were 
constricted and stable. With the vessels dilated and the flow great, the 
increase in volume of the finger following compression reached its maximum 
rapidly, within three to four pulse beats. In a large number of experiments 
it was foimd that the blood flow, though calculated from curves when only 
two or three pulse beats were available to measure from, gave remarkably 
constant results. It was also found in a study with fast recording that any 
distorsion produced by the compression occurred as the pressure in the 
cuff rose. Once the pressure in the cuff had reached its maximum, distorsion 
ceased (see Tig. 3) and consequently the fiirst beat after the cessation of the 
act of compressing became available for calculation. The curves illustrated 
in Tig. 3 gave calculated values, in c.c. per minute per 10 c.c. finger volume, 
of 5-4 c.c., 4-3 c.c., 6-6 c.c., 5-4 c.c., 6-0 c.c.. Again, in fotur subjects in whom 
separate determinations were made on repeated occasions, as much as three 
months apart, there was close agreement in the rate of blood flow to the 
finger under similar conditions. It was, therefore, assumed that the method 
was one which permitted of considerable accuracy. A special water-jacketed 
plethysmograph was used for heating or cooling the finger locally. The 
finger itself was covered with water, but insulated from direct contact with 
the inner wall of the jacket by a perforated rubber mat. The temperature 
of the water in which the finger was bathed coTild be continuously taken by 
means of a thermojunction, and it could be maintained at any desired level 
by adjusting the flow and the temperature of the water in the jacket. (Tig. 1). 

Plethj^smographic measurements of the volume changes in an adjacent 
finger were made by the method of Bolton, Carmichael and Stiirup (1). 
Skin temperatures were recorded from the finger pads by the use of small 
copper-constantan thermojrmctions, constructed of gauge 28 wire. The 
galvanometer used permitted changes of 0-1 °C. to be detected easily. Bectal 
temperatures were determined by a more sensitive galvanometer connected 
to a thermo junction placed 5 to 6 cm. above the anal sphincter. 

Ten normal young adults served as subjects. The subject sat in a 
comfortable draught-free room maintained at a constant temperature 
(^1°C.). The hands were supported by arm rests at heart level. Body 
warming and vasodilatation in the hands were produced by immersing both 
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let^s in -n-ater at 45°C..- Body cooling and vasoconstriction in tie hands 
were produced by immersing the legs in water at 16° to 20°C.. After the 
body had been warmed and the vessels of the hands dilated, brief reflex 
vasoconstrictions were produced by stimub previously shown to be effective. 



Fig. 1. Diagram of glass, ivater-jacketecl finger plethysmograph for controlling local temperature. 
Water heated as required to maintain inner compartment at desired temperature is circulated 
through jacket. Temperature within inner compartment is taken by means of a thermo- 
jimction led through a rubber cork at one of the middle openings, while the recording 
tambour is connected to the other opening. A perforated rubber mat separates finger from 
heated glass wall, but allows heat to pass freely to water bathing finger. For cooling finger 
locally, cold water may be circulated through jacket. 

such as ice or pin-prick to an indifferent area of skin, a noise, the taking of a 
deep breath, or the solving of a mental problem (Stiirup, Bolton, Wflliams 
and Carmichael (6)). 

Results. 

In establishing the validity of the blood flow method of Hewlett and 
Van Zwaluwenburg as here adapted to the finger two points of technique 
were early found to be necessary for success. It was first shown that there 
had to be no compression of the finger at the seal of the plethysmograph. 
This was especially important when the finger vessels were dilated and the 
flows very rapid. In this state three or four pulses were sufficient to distend 
the vessels to capacity, causing the curve subsequently to slope away from 
its upward direction towards the horizontal. If there was already congestion 
Avithin the finger by compression at the seal, it was impossible to determine 
the true slope of the curve, owing to the limited capacity for further filling, 
so that only the later distorted portion of the curve was obtained. Secondly, 
it was necessary to place the cuff as close to the plethysmograph as possible 
without its moving the plethysmograph significantly when it was inflated. 
When the cuff was placed at a more distant site, as for example around 
the wrist, incorrect curves were obtained, due to the fact that the larger 
veins in the hand took up the blood from the finger which, therefore, did 
not swell in proportion to the flow to it. With attention to these two 
points consistent results were obtained. 
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Effect of body tvarming and body cooling. Many experiments were done 
on seven subjects to determine tlie rate of blood flow in tbe Angers when tbe 
cutaneous A’essels were in a dilated and in a constricted state. In flve of 
these experiments the blood flow Avas correlated with finger temperature. 
At the start of the experiment, Avhen the subject felt quite comfortable 
and was neither Avarm nor cold, there were considerable spontaneous fluctua- 
tions in the rate of flow (Fig. 2). These variations in flow, especially when 
transient, AA’ere often unassociated AAdth any change in finger temperature. 
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Fig. 2, Blood flow curves from right middle finger (Blood flow EF3). Subject comfortable, 
neither hot nor cold. In rcspirntorj’ tracing (Eesp.) do-n-n stroke represents inspiration. 
PressAiro within congesting cuff (Pressure cuff) is in mm. Hg., ns shown on appended scale. 
These are the same for all records. 

C<Alculnted values in c.c. per minute per 10 c.c. finger volume : — Cm-^-e No. 1, 
I'Oc.c. ; No. 2, 0-9 c.c. ; No. 3, 0-5 c.c. ; No. 4, O-OS c.c. ; No. 5, 0-18 c.c. ; No. 6, 
0-00 c.c. ; No. 7, 2-0 c.c. 



Fig. 3. Blood flow curves from right middle finger (Blood flow RF3). Subject warm and vessels 
dilated. Same experiment ns in Fig. 2. Calculated values in c.c. per minute per 10 c.c. 
finger volume : — Curve No. 1, 5-4 c.c. ; No. 2, 4-3 c.c. ; No. 3, 6-C c.c. ; No. 4, 5-4 c.c. ; 
No. 5. G-0 c.c. 

Fig. 3 shows a t3^pical series of curA^es recorded after the subject’s legs had 
been immersed in hot water. This procedure had Avarmed the body and 
produced vasodilatation in the fingers, so that the finger temperature remained 
high and steadj^. The rate of blood flow to the finger was then found to be 
greatly increased and much more constant than before, so long as a vaso- 
constricting stimulus was not given. Fig. 4 shows a series of curves obtained 
after immersion of the legs in cold AA'ater, wliich caused the vessels to become 
constricted and the finger temperature to faU. The rate of flow in this 
state AA'as very low but again quite constant. 

Fig. 5 gives the time relations of the events in the experiment in which 
the above records AA'ere obtained. Each measurement of blood flow is an 
aA^erage of at least three separate determinations. Dming the control 
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period, vrhen the rectal temperature tras constant, there Tras considerable 
fluctuation in the blood flou- and in the temperature of the finger. With 
the rise of rectal temperature after putting the legs in hot -n-ater, vasodilatation 
in the fingers occurred as shovui by the marked increase in finger blood 
fiow and finger temperature. When the legs vere then immersed in cold 
water there was a sharp vasoconstriction as measured by the blood fiow, 
then a temporary relaxation, followed by a lasting and more profound 





Fig. ,4. Blood flow cun-es from right middle finger (Blood flow KF3). Subject cold and vessels 
constricted. Same experiment as in Fig. 3. 

Calculated values in c.c. per minute per 10 c.c. finger volume : — Curt'e Xo. 1, 
0-13 c.c. ; Xo. 2, 0-20 c.c. ; Xo. 3, 0-16 c.c. ; Xo. 4, O-lo c.c. ; Xo. 5 , 0-13 c.c. 



Fig. 5. Blood flow to right middle finger (Finger blood flow), temperature of tip of right forefinger 
(RF2 temp.) and rectal terafKrature (Kectal Temp.) during bodv heating and cooling. 
At S minutes (first arrow) both legs were immersed in water at to'C.. At 3S minutes (second 
arrow) the legs were immersed in water at 20'C.. 


constriction. The finger temperature showed a smooth and more gradual 
fall. 

Table I gives the average rates of blood fiow to the fingers with the 
^ cssels constricted and dilated in the seven subjects on whom these expert- 
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ments ■were carried out. The rate of blood flow to the finger in norm, 
subjects ranged from 0-02 c.c. per minute per 10 c.c. wlien the peripl . 
vessels were constricted, to 12 e.c. per minute per 10 c.c. of finger, — 
dilated. In four subjects in whom separate determinations were made c 
repeated occasions, as much as three months apart, there was close agreemen 
in the rate of blood flow to the fingers under similar conditions. In fiv 
subjects in -v^'hom simultaneous determinations of the flow to correspondin; 
fingers of each hand were made, there was practically an identical flo, 
on the two sides. When any significant difference did exist in the preliminu 
stage of the experiment it usually disappeared after the two hands had bi.^. 
brought to the same state of full vasodilatation b}^ body warming. Howeve 
in two subjects there persisted a slightl}’^ greater flow in the fingers of tin 
right hand than of the left. 


TABLE I. 

Finger blood flow in c.c. per jnin, per 10 c.c. finger volume. 


Subject. 

Constricted. 

Diluted. 

1 

0-10 c.c. 

9 0 e.c. 

O 

0-45 c.c. 

S‘0 c.c. 

3 

0-15 c.c. 

10-0 c.c. 

4 

0'15 c.c. 

7-S c.c. 

5 

0-02 c.c. 

6*0 c.c. 

G 

0 07 c.c. 

12'0 c.c. 

7 

0-70 c.c. 

G-O c.c. 


I 

i 


I 


Effect of transient vasoconstrictions. It is laiown that when the vessels 
of the digits are akeady dilated as a result of bodji^ warming certain stimuli, 
such as pin-prick, or ice to the skin, noise, a deep inspiration, or the solving 
of a mental problem, cause sharp vasoconstrictions which are mediated by 
impulses in sympathetic nerves (Stiirup, Bolton, Williams and Carmichael 
(6)). So brief are these vasoconstrictions that they cause barely discernible 
changes in skin temperatiu'e. Blood flow determinations, however, have 
demonstrated that marked decreases in blood flow occur before and after a 
stimulus. It was found that at about the third second after the stimulus 
flow was diminished, was slowest at about the sixth second, and at aboiit the 
tenth second began to return to the control level. The calculated values 
were as follows ; — before the stimulus 8-0 c.c., at the third second 4-6 c.c., 
at the sixth second 2-1 c.c., and at the tenth second 6-0 c.c.. The decrease 
in blood flow to the finger following the stimulus was simultaneous with a 
decrease in the volume of an adjacent finger. In over 200 estimations of 
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this effect on ten subjects it "was found that such vasoconstricting stimuli 
regularly caused temporary reductions in the blood flow to the fingers, at 
times to as much as one-twentieth of the previous rate. 

Effect of local heat. By means of the special water-jaclretted plethysmo- 
graph (Fig. 1) it was possible to heat a single finger locally without altering 
the body temperature or the rate of flow to the remaining fingers. In this 
way the dilating effect of local heat alone, without any possibility of 
sympathetic reflex activity, could be studied. It was first demonstrated 
that under normal conditions the flow to the corresponding fingers of the 
two hands was the same, both with the finger vessels constricted and dilated. 
It was also shown that when the finger vessels were already dilated, a 
constricting stimulus (deep breath) reduced the flow equally on the two sides. 
The body was then cooled by immersing the legs in cold water and after the 
flows had become greatly reduced, one finger alone was heated to 45°C.. 
The flow in this finger became markedly increased, but the flow in the 
control finger remained the same. The flow in the heated finger, however, 
was not so great as it had been when the body was warmed, and it increased 
farther when the body was again warmed by immersing the legs in hot 
water. There was then little difference between the rate of flow on the heated 
and on the normal sides, but when a vasoconstricting stimulus was.given the 
reduction in blood flow was much less in the heated than in the normal 
finger. 

Floio hi different phalanges. Since with the method used blood flow 
to the two terminal phalanges only was measured, the results obtained 
cannot be taken as quantitatively correct for the whole finger. Indeed, it 
was possible to show that in the dilated state the rate of flow to the terminal 
phalanx was much greater than to the middle phalanx. The blood flows 
in two corresponding fingers were first shown to be the same. The 
plethysmograph was then adjusted on one finger so as to include only the 
terminal phalanx. It was found, in spite of the fact that the volume of 
finger in the plethysmograph was halved, that the flow was diminished by 
only one quarter. The circulation to the terminal phalanx was then 
occluded by a tight elastic band, and the plethysmograph re-adjusted to 
include the imddle phalanx. The flow was now diminished by three- 
quarters. Calculated on a basis of volume, the flow to the middle phalanx 
was about one-third of the flow to the terminal phalanx. These proportions 
varied from subject to subject, but the terminal phalanx always had a 
greater flow. When the flow in the terminal phalanx or in the middle 
phalanx was being determined separately, it varied in the same direction 
in both in response to vasodilating and vasoconstricting influences. 

Discussion. 

The present method of determining the blood flow in the finger has 
allowed a quantitative measurement of the wide fluctuations which occur 
phj’siologically in response to vasodilating and vasoconstricting influences. 



410 


WILKINS, LOUPE, NEW 21 AN. 


It has been sho^v^^ that blood flow to the finger increase 100 times 
(for example, from 0-1 c.c. to 10 c.c. per minute per 10 c.c. of finger volume) 
in a few minutes during body warming, and may tcmporaril}’^ decrease 
20 times in the few seconds following a vasoconstricting stimulus. Not 
only because it allows quantitative measurements, but also because it allows 
measurement of considerable accuracj’^ of rapid and transient changes, this 
method has been found superior to the usual skin temperature method which ' 
has an appreciable lag, and is Hmited by tlie differential between blood and 
room temperature. 

It is of interest that the dilatation in tlie finger vessels resulting from 
body warming alone is more complete than that from local heating of the 
finger alone. The dilatation in the fingers produced b}’’ bodj’’ warming alone 
was almost as great as that produced by body warming together with local 
lieatizig of the finger. It should also be noted that local heat is effective in 
inhibiting but not in completely abolishing the vasoconstrictions in the 
finger caused b3’' stimuli when the vessels are already dilated bj' body 
warming. 

The observation that blood flow to the terminal phalanx of the finger 
is eonsiderabl}’’ greater than to the second phalanx is consistent with the 
findings of Lewis (5) and of Grant and Bland (2), who found that the finger 
tip and nail bed warmed more quickly and more markedly under vasodilating 
influences than the middle phalanx. Grant and Bland (2) related this 
difference to the anatomical ^stribution of the arteriovenous anastomoses 
in the finger, wliich they found to be most numerous in the terminal phalanx. 
^Vhile it is found that the blood flow is quantitatively greater in the terminal 
phalanx than in the middle phalanx, no qualitative difference is foimd in the 
alterations in the flow to the two parts in response to vasodilating or 
vasoconstricting influences. Grant and Pearson (3) have pointed out that 
with the peripheral vasodilatation caused by body warming the blood flow 
to the finger is greater than the flow to the hand and to the hand greater than 
to the forearm. The present study has extended this work to the separate 
parts of the finger, when again a greater flow was found to the distal than to 
the proximal parts. The discrepancy in the actual values for blood flow 
to the finger after vasodilatation reported by Grant and Pearson (2 to 3 c.c. 
per minute per 10 c.c. of finger) and the values here reported (5 to 12 c.c. per 
minute per 10 c.c. of finger) may be partly due to the fact that Grant and 
Pearson measured the whole finger and not merely the two terminal phalanges. 
It is also possible that the discrepancy maj’^ in part be due to the fact that 
they placed the congesting cuff at the vwist. 

The difference in blood flow to the different parts of the finger must be 
recognised in usmg the method to estimate the flow to the fingers in a given 
case. By measuring as a routine the flow to both terminal phalanges, 
however, a normal range has been established with which pathological cases 
may be compared. The wide normal range from the very slow flow when 
the vessels are constricted to the very rapid flow when thej’’ are dilated makes 
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obvious the necessity for accurately controlling the conditions under which 
the measurements are made. When the conditions arc definitely the same 
on two occasions (for example, either full dilatation or full constriction) 
very similar results may be obtained. With such precautions, the method 
may prove useful in quantitatively measuring from time to time and in 
various stages of dilatation and constrietiou the blood flow to fingers aficclcd 
with vascular or vasomotor disturbances. 


Summary. 

The method of Hewlett and Van Zwaluwenburg lias been adapted to 
estimate blood flow in the finger. 

It has been shown that the blood flow to the finger maj'^ be increased 
as much as 100 times during the vasodilatation produced by bod}’ warming. 

ToUowing a vasoconstricting stimulus when the vessels are already 
dilated, the flow to the finger may be temporarily decreased as much as 
20 times. 

The increase in blood flow resulting firom local heating of the finger is 
not so great as that produced by body warming. 

The blood flow to the terminal phalanx is considerably greater than to 
the middle phalanx of the finger when the vessels are dilated. 
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THE INHIBITION OF PITUITARY ACTIVITY IN ACROMEGALY 
BY OESTRADIOL BENZOATE AND TESTOSTERONE PROPIONATE. 


By I. SCHRIRE* and E. P. SHARPE Y-SCHAFER.f 
{Depurtmcnt of Jiledicine, British Post-graduate Jiledical School, London.) 


Two procedures have been available in the past for reducing the activity of 
the pituitary gland in acromegaly, namety excision of the eosinophile tumour, 
and deep X-ray irradiation. Increasing knowledge of the relations of the 
endocrine glands has suggested that pituitary activity may be modified 
by the injection of the sex hormones. After gonadectomy the anterior 
pituitary lohe hypertrophies and its function increases. Marrian and 
Butler (5) showed that oestrogens decrease pituitary activity in large doses 
and stimulate activity in small doses. Kirklin and Wilder (4) used this 
principle in an attempt to treat cases of acromegaly. They injected their 
cases with small doses of oestrogens, and judged their results by clinical 
observation. A more objective method would be preferable. Schrire and 
Zwarenstein (8 and 9) showed, in animals, that pituitary activity may be 
judged by the quantities of creatine and creatinine in the urine. Schrire (6) 
investigated cases of acromegaly and found that creatine and creatinine 
excretion was abnormally increased, and that the altered metabolism of 
these substances appeared to be characteristic of the disease. Schrire and 
Zwarenstein (10 and 11) injected testicular and ovarian extracts into rabbits, 
and were able to demonstrate alterations in creatinine excretion which were 
attributed to pituitary inhibition. It was decided, therefore, to treat 
patients with acromegaly by injections of cestradiol benzoate and testosterone 
propionate. 

Methods. 

Quantitative estimations of creatine and creatinine in the urine were 
determined by Fohn’s colorimetric method (2). The measures adopted for 
the collection of the mine have been detailed in a previous communication 
(6). The diet throughout the period of investigation of each patient was 


* Hart Memorial FeUow, British Medical Association. 

thank Prof. F. B. Fraser and Dr. E. A. Carmichael, National Hospital, Queen 
investigate cases under their care ; and the Chief Medical Officer of 
n.c.c. for permission to publish case records. 

o la and Co. the authors are indebted for a generous supply of testosterone. 



4:14 


SGHRIBE AND SB ARP B 7 -SG H AF E R. 


prepared by a dietitian and was creatine free. Oestrogenic substance was 
administered as cestradiol benzoate (Organon), 1 c.c. of wliich. contains 
5 mg. (50,000 international units). The dose was 10 mgms. intramuscularly 




Fig. 1. Case 1. Acromegaly. Cliart of urinary creatine and creatinine output in g. per 24 hrs. 
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Fig. 2. Case 2. Acromegaly. Urinary creatine and creatinine output in g. per 24 hrs. 

each day. Testosterone propionate (Ciba), 1 c.c. of which contahis 50 mg., 
was injected intramuscularly in doses of 100 mg. a daj'. The dosage of 
both substances was chosen arbitrarily. Four patients unth acromegalj’, 
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t.vo male and t^s’o female, have been investigated ; 
appended. 


tlic case reports are 




Fig. 3. Case 3. Gigantism and acromegaly. Urinan' creatine nnd creatinine output in g. ly'r 
24 brs. 
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>g.4. Case 4. Acromegaly. Urinary creatine and creatinine output in g. per 24 hr.. 
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of creatinine and an irregularity^ in the amount excreted. Follo'vnng the 
control period, each patient was injected %vith 10 mg. of oestradiol benzoate 
daily for 10 days. In each case, within 24 or 48 hours of starting the 
injections, the excretion of creatmine fell to a lower and approximately 
normal level and during the period of injection the daily excretion ceased to 
fluctuate. Within 1 to 3 days of stopping the injections the creatinine 
excretion again became excessive and varied in amount from day to day. 
In Case 1 the ten day period of injection was repeated, and a similar reduction 
in the excretion of creatinine was observed. 

In Case 3 100 mg. of testosterone propionate were injected daily for 
8 days, a trial dose having been given four days previously. The injections 
were started 23 days after stopping the cestradiol benzoate. For these 
23 days he showed the excessive, irregular creatinine output that had been 
observed during the control period. However, for the 8 days that testoste- 
rone propionate was given, creatinine excretion was at a constant level and 
the amount excreted daily^ was comparable with that noted during the period 
of oestradiol injection. The patient had then unavoidably to leave hospital ; 
10 days later, when collection of urine was again possible the excretion of 
creatinine appeared, once more, to be excessive and irregular. 

The excretion of creatine in these patients during the control periods 
was in excess of that found in normal individuals. The injections seemed to 
have no significant effect on creatine excretion. 

Clinical symptoms during the periods of injection were noted in one case 
only. Case 3 complained of increase in the frequency and severity of his 
headaches during the injection of both cestradiol and testosterone. It is 
possible that in this patient some change in size of the pituitary gland may 
have occurred and have been sufficient to produce symptoms. He also 
noticed an increase of sexual desire with oestradiol and had two nocturnal 
emissions during this period. Testosterone produced no increase of desire, 
but towards the end of the period of injections there was a tendency to 
spontaneous erections never amounting to priapism. 

Discussion. 

The daily excretion of creatinine in normal individuals, on a creatine 
free diet, is relatively constant (3). The amomit of creatinine excreted is 
independent of the urinary volume but is related to the weight and muscular 
build of the individual. The irregular, excessive creatinine output of the 
control periods in these four cases of acromegaly confirm the results previously 
obtained in nine other patients (6). The injection of cestradiol benzoate, 
and in one case testosterone propionate, into these four patients appeared in 
every instance to cause creatinine to be excreted in smaller and more constant 
amounts, amounts compatible mth the excretion of a normal individual 
of the same weight. A rapid return to the original excessive and irregular 
excretion happened when the injections were stopped. Schrire and Sharpey- 
Schafer (7) have recently published observations which suggest that the 
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excessive creatinine excretion in acromegaly is associated with the 
gonadotropic hormone of the pituitary gland ; normal individuals injected 
vith a preparation of pituitary gonadotropic hormone showed a rise in the 
excretion of creatinine. No. rise was produced by pituitary thyreotropic 
and growth principles or hy the gonadotropic substances that are prepared 
from pregnancy m-ine and mare’s serum in the doses employed. It would 
appear, therefore, that the injection of oestradiol or testosterone into eases 
of acromegaly suppresses an abnormality of metabolism that is associated 
with the gonadotropic hormone of the overactive pituitary gland. This 
conclusion would be in keeping with the findings of Marrian and Butler and 
of Schrire and Zwarenstein in animals. The change in creatinine excretion 
produced by oestradiol can be correlated with the observation that ' the 
creatuiine output of a case of acromegaly fell from an excessive irregular 
level to a constant lower level after excising the eosinoplule tumour (6). 

It has been suggested (7) that the excretion of ereatine in excessive 
quantity by patients with acromegaly may be due to an overproduction of 
thyreotropic hormone stimulating the thyroid gland. In these four cases no 
sigm’ficant change in creatine excretion was found to result from the 
injections. 

Summary. 

1. The increased elimination and fluctuatiug output of urinary creatine 
and creatinine in acromegaly has been confirmed. 

2. The effect of injecting large doses of the sex hormones in four cases 
■of acromegaly has been studied. 

3. Large daily doses of oestradiol benzoate reduced the creatinine in 
the mine to normal levels. During the period of injection the creatinine 
excretion ceased to fluctuate and was constant as in the normal. 

4. Large doses of testosterone in one case produced similar results. 

5. It is suggested that an abnormality in acromegaly associated with 
gonadotropic pituitary activity can be suppressed by the administration of 
the sex hormones. 


CASE REPORTS. 

Case 1. E.M.R. Female, aged 3-4. Weight 140 lbs. Height oft. 2ins. In 1936 her 
liands and feet began to enlarge and in the next 5 years she gained 40 lbs. in -ireight. In 1930 
coarse hair began to grow on her face, trunk, arms and thighs. Her voice graduallv altered, 
becoming hoarse and deep, the breasts became smaller but menstruation tras regular. She 
complained of periodic headache. In 1933 the thyroid gland was found to be enlarged and a 
nodular goitre was removed in Julj% 1937. The daily urinary output was small and the presence 
of an anti-diuretic substance was demonstrated in the cerebro-spinal-fiuid (1). 

.In October, 193/, she was admitted to Hammersmith Hospital. Her appearance was 
acromegaly. The skin of the face was coarse and thickened ■with some degree of acne. 
The nose was large, prognathism was marked, and the teeth were ■widely spaced. Tlie hands and 
feet were large, and^ the fingers shortened and thickened. There was some kj'phosis, but no 
enlargement of the viscera could be detected clinically. The "visual fields and fundi were normal. 

sho'wed ballooning of the sella turcica ■with thinning of the fioor and clinoid processes, 
and tuftmg of the terminal phalanges. She was very hirsute, the hair being distributed as in 
the male. Tlie breasts were small and the general aspect of the patient conformed to that of the 



418 


SGHRIRE AND 8 HARP E Y -SO RAF E R . 


male. No abnormality of the internal and external genitalia "was found. X-rays showed no 
opaque deposits in the suprarenals. Menstruation had not occurred since the thyroidectomy 
4 months previous^. Headaches were frequent, being bilateral and frontal in tj-pe. llie basal 
metabolic rate varied between 26% and 12 %. The urine, blood count, and the glucose 
tolerance test were normal. The chemical constituents of the blood (urea, chloride, calcium, 
plasma protein and phosphatase) were within normal limits. The blood cholesterol was elevated 
to 370 mg. per 100 c.c.. The mental state of the patient was peculiar and she showed definite 
psychotic tendencies associated with systematised delusions. 

Case, 2. L.N. Female of 29 years. Weight 160 lbs. Admitted to the National Hospital, 
Queen Square, under the care of Dr. E. Arnold Carmichael. 

In 1927 she began to be troubled with headaches and loss of ^'ision. At that time she noticed 
an increase in the size of her hands and feet, and prognathism was present. The vision was 
restricted in both temporal fields. In the same year, Badon seeds were implanted in the pituitary 
gland. In 1929, deep X-rays to the sella tiucicn were given, and 6 months later she was operated 
on and part of the pituitary txunour was removed. She was readmitted in 1936 for investigation 
of her creatine and creatinine excretion, and once again in 1938 for the present investigation. 

The skin of the face was thick and coarse. Hirsutism was marked. Prognathism was 
ob%’ious and the teeth of the lower jaw were widely spaced. Tlie hands were thick and spade 
shaped, and the feet were large. ^lenstruation was regular, but the flow was scanty. The urine 
and the glucose tolerance test were normal. X-ra 5 ’s showed an enlarged pituitary fossa and 
erosion of the clinoid processes. 

Case 3. H.A.W. A man of 29 years. Weight 222 lbs. Height 6ft. 6|ins, His father 
is 6ft., and his two brothers are 6ft. lin., and 6ft. 3ins., respectively. At 17 years of age he was 
6ft. llins.. In 1929 at the age of 20 he began to grow quickly and reached his present height cf 
6ft. 61ins at the age of 26. In 1933 he first noticed his hands were growing larger and his nose 
began to increase in size. At this time bitemporal headaches began. Tlie diagnosis of acromegaly 
was made in 1936. He received deep X-ray therapy to the pituitary gland. For 6 months there 
was considerable improvement, and the frequency and severity of the headaches abated. More 
recently the headaches have become prominent again. Puberty was delayed until he was 17 
years old. Nocturnal emissions were rare. 

On admission in February, 1938, the facies were typical of acromegalj’. The nose was large, 
the lips thick and fleshy and the teeth well spaced. The hands were large and the fingers long 
and broadened. The feet were very big. No changes in -vision had been noticed, and the visual 
fields and fundi were normal. The glucose tolerance test was normal, the B.M.K. — 23%, 
the E.C.G. normal and the urine showed nothing abnormal. X-rays showed a normal sella 
turcica. The epiphyses of the limbs were united. 

Case 4, L.L. A man of 72 years. Weight 134 lbs. Height 6ft. SJins. 

For '30 years he had increasing loss of vision. Twelve years ago bilateral iridectomy was 
performed for chronic glaucoma and later the left eye was removed. He complained of headaches 
for 16 years, but was not aware of any change in his appearance. Admitted in June, 1938, he 
presented characteristic features of acromegaly. Tlie nose and lips were large and coarse, the 
tongue enlarged and prognathism was present. The fingers were short, broad and thick, and the 
hands wide. Similar changes were present in the feet. Tliere was some kyphosis. The left 
eye was absent, the right eye showed e\-idence of an old iridectomy, the fundus could not be 
clearly seen, and vision was poor especially in the nasal field. The small muscles of the left 
thenar eminence were wasted without any sensory loss or other abnormal sign in the nervous 
system. X-ray showed a large sella turcica and large frontal sinuses. The hands showed 
tufting of the terminal phalanges. Blood chemistry was normal. Tlie mine and the glucose 
tolerance tes., were normal. 
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